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(7) ABSTRACT

A semiconductor integrated circuit device is comprised a
main memory portion composed of a plurality of memory
cells arranged in a plurality of rows and in a plurality of
columns, a sub memory portion composed of a plurality of
memory cells arranged in a plurality of rows and in a
plurality of columns, a bi-directional data transfer circuit for
connecting the main memory portion and the sub memory
portion through data transfer bus lines, respectively, the sub
memory portion being constituted with a plurality of
memory cell groups, and a plurality of registers provided
such that different data input/output modes are set indepen-
dently for the plurality of the memory cell groups. There-
fore, the semiconductor integrated circuit device of the
present invention has a main memory suitable for being

(22) Filed: Sep. 16, 1998 accessed from a plurality of data processors.
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PIN ARRANGEMENT
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PIN ARRANGEMENT

64M SDRAM + 16K SRAM (x 4)
Vee 1 54 | Vss
DQO 2 53 | DQ15
VeeQ 3 52 | VssQ
DQ1 4 51 | DQ14
DQ2 5 50 | DQ13
VssQ 6 49 | VeeQ
DQ3 7 48 | DQ12
DQ4 8 47 | DQ11
VssQ 9 46 | VssQ
DQ5 10 45 1 DQ10
DQ6 11 44 1 DQ9
VssQ 12 54 pin 43 | VeeQ
DQ7 113 400 milx875mil 42 | DQ8
Vee 14 0.8 mm Pitch 41 | Vss
LDQM |15 TSOP I 40 | NC, VREF
/WE 16 39 { UDQM
ICAS 17 38 | CLK
/RAS 18 37 | CKE
/CS 19 36 | NC
A13 (BA) | 20 35 | A1
A12 21 34 1 A9
A10 (AP} | 22 33 | A8
AQ 23 32 | A7
A1 24 31 | A6
A2 25 30 | A5
A3 26 29 | A4
Vee 27 28 | Vss

FIG. 9



Jan. 10, 2002 Sheet 10 of 100 US 2002/0003741 Al

Patent Application Publication

0} 'Ol

(34Y0 LNOO) MOTHOHOIH X T3AJTMOTT  TATTHOIH H
ONILLIS H3LSIDIY
ONILLIS HLSIHIH I T T O I T T 17| 1| X|HI@
ONILLIS HILSIDIY BREEEEREI ONILLIS H3LSID3H
X x| x| x| x| x| x| x| x| x| x| x| x X X | X | X { H|X|H NOILO3T3S-NON J0IA3d
X X X X X X X X X X X X X X H H H 1 X H NOLLYH3IdO-NON
X X X X X X X X X X X X X X H | 1 bl X | H HS3H434 HED
X[ xl x| x Pl x| xl x| x| x{Hlx| x| x | 1T[H|1]1]|x]|H 3OHVHOIHd ¥NVE TV
XLox | x|l ox x| x| x| x| x| x| x zo%,m%w T H| 1| 1|X|H J9HYHOIHd
NOLOT3S  NoWOFTASmodWvea  [MREES| |y | 1 | 1 | x| H INLOY
NAMIOD _>_<mm NOILO3T3S MOY WVHA | Nos31as
NOLOTTES MOBIVES] X | [\~ ] X | X[ H] R] X] x| e | 1| H | H | 1| X|H| (35HYHO3Hd OLNY)3HOLSIH
\ \\ NOILOI13S MOH WYHA  {yoiomas
NOLLOTTZSMOHAVES| X | N\ V | X X[ A 1] ¥ ] x| w8 | 1| H | H | 1| *|H 340153
NOLLOZTZS MO Wyls| /\ x|ox |V R x| x VRS 9 ] W | 1| x| H|(39YHO3Hd OLNY) HOL3434d
vowomasmoemves| x | /| x| x| 1] 1] x| x NS 1l W R [ 1| x|H HOL3434d
NOILOFTIS MO WYHS| NOLLOITASNANNTOOMVES | x| x| x | 10 1| H | 1| x|H ILI4M
NOLLOITISMOHWYES| NOILOZTASNWNNTIOOMVHS | X | x| X | H | 1| H | 1| X|H avay
OV | bv |2y |6V | v |Sv |ov | ov | 8v | 6y [oby |V |2 | ey | 3w |SVOr|svd | s cmxw.__ ANYWWOD

S3LVLS TYNINYAL LNdNI ANV SONVININOD NIIMLIE 3ONIANOLSIHHOD

OO © OO ©



Patent Application Publication Jan. 10,2002 Sheet 11 of 100 US 2002/0003741 A1

(1) [READ COMMAND]

'

CLK

cke H

SEBEE

FIG. 11




Patent Application Publication Jan. 10,2002 Sheet 12 of 100 US 2002/0003741 A1

(2) [WRITE COMMAND]

'

CLK

CKE H

SEBER

FIG. 12




Patent Application Publication Jan. 10,2002 Sheet 13 of 100 US 2002/0003741 A1

(3) [PREFETCH COMMAND]

!

CLK

cke H

v TN s

SEBEEE

A10=L
A9 =L

FIG. 13



Patent Application Publication Jan. 10,2002 Sheet 14 of 100 US 2002/0003741 A1

(%) [PREFETCH (AUTO PRECHARGE) COMMAND]

|

CLK

cke H

= T

v T e

SEBEEE

A10=H
A9 =L

FIG. 14



Patent Application Publication Jan. 10,2002 Sheet 15 of 100 US 2002/0003741 A1

(5) [RESTORE COMMAND]

CLK1 CLK2

l i

CLK

CKE H

= T,
oo T
o« T

. BANK
ATS W | SELECTION
o T X

A10=L
A9 =H

FIG. 15

SEBEES




Patent Application Publication Jan. 10,2002 Sheet 16 of 100 US 2002/0003741 A1

(6) [RESTORE (AUTO PRECHARGE) COMMAND]

CLK1 CLK2

! '

CLK

cke M

« T

o [T
o T

: BANK
A3 W . SELECTION
o TN

A10=H
A9 =H

FIG. 16

=EEEEE




Patent Application Publication Jan. 10,2002 Sheet 17 of 100 US 2002/0003741 A1

(7) [ACTIVE COMMAND]

i

CLK

CKE H

- T
o TR,
AT3 ><><><><>O<><SEEEA;T§ON

FIG. 17

SEEERE




Patent Application Publication Jan. 10,2002 Sheet 18 of 100 US 2002/0003741 A1

[PRECHARGE COMMAND)]

'

CLK

CKE

- TR,

v TS
T

ATS WSELE?TION

SEBEBE

A10=L

FIG. 18



Patent Application Publication Jan. 10,2002 Sheet 19 of 100 US 2002/0003741 A1

(9) [ALL BANK PRECHARGE COMMAND]

'

CLK

cke "

SEEEE

A10=H

FIG. 19



Patent Application Publication Jan. 10,2002 Sheet 20 of 100 US 2002/0003741 A1

[CBR REFRESH COMMAND]

CLK

CKE H

EE8E

FIG. 20



Patent Application Publication Jan. 10,2002 Sheet 21 of 100 US 2002/0003741 A1

(1) [NON-OPERATION COMMAND]

CLK

cke H

FIG. 21



Patent Application Publication Jan. 10,2002 Sheet 22 of 100 US 2002/0003741 A1

({2 [DEVICE NON-SELECTION COMMAND]

CLK

CKE H

FIG. 22




Patent Application Publication Jan. 10,2002 Sheet 23 of 100 US 2002/0003741 A1

d3 (1) [MODE REGISTER SETTING (1) COMMAND] OF
[REGISTER SETTING COMMAND] (a), (b), (c) AND (d)

'

CLK

CKE H

==Ll

FIG. 23




Patent Application Publication Jan. 10,2002 Sheet 24 of 100 US 2002/0003741 A1

{3 (2) [MODE REGISTER SETTING (2) COMMAND] OF
[REGISTER SETTING COMMAND] (d)

CLK1 CLK2

' |

:

>

FIG. 24



Jan. 10, 2002 Sheet 25 of 100 US 2002/0003741 Al

Patent Application Publication

ANVIWNOO ONILLIS H31S193H 3A0N

135 1531 301A3d

13S 1531 a3SNNN

(L3S 1S3L q4vanvls)
13S 1831 H3LNNOD HSTH43Y

LNdNI ¥LYQ QITYA © A (34¥D LNOQ) YLYQ QIVAN X
TFAITMOT T TEAITHOIH H

A AlAlAlAlAAlTI 1]

OV IV 2V EV PY SY OV YV B8Y 6Y OV LIV 2V EIY

AMAA|IA[A]ALA]HIH] XX x|[Xx]X

OV 1Y oV €V Y SY OV LY 8Y 6Y OV LIV 2LV S

1| H

OV LY 2V € Y SY 9V Y 8Y 6¥ 0V LIV 2l iV

x [ x [ x| x|x|xIx|H[T]T]lT1[1]7]

OV WY 2V €V ¥Y SY OV Y 8V 6Y OV LIV 2Ly iV

BONILLIS H31SI1934



Jan. 10, 2002 Sheet 26 of 100 US 2002/0003741 Al

Patent Application Publication

9¢ Ol
vivamodves [3snNn [H [ 1|11 1] |1 ] wmo
OV IV 2V SV Y GY OY ZV 8Y 6V OWV LV ZIV ENY
x | x [ x [onasenal m |1 {17l ]1]2m
3SNNN 3NN |H H H ANYINOD (2) DNILLIS HI1SID3H IAOW
3NN | 3snNn |1 1 H
380NN | 3NN | H 1 H
9l 9l T 1 H
- - TR 30N |H H H
: : T 3NN | H H H
. - T 3NN |H 1 H
_ F T 30NN |1 1 H
IAVITGILIN [ VIINGNO3S | &Y ¥V &V 3ND | H H 1
HLONTT 15UNg - ¢ 1 H
NN | H 11
IAVEEINI | H NN |1 11
VIINZNO3S | 1 JONTLYI1SVO | IV 2V eV
3dAl dY1 1) > AONILYT
A
WALAYT| ANyl | x [ x|l

ov lVv oV €V PV SY 9V LV 8V 6V OlV LV 2Ly ELY
ANYWINOD (1) DNILLIS H3L1S193d IA0W

ANYIWINOD ONILLES H31S1934 3A0N



Patent Application Publication Jan. 10,2002 Sheet 27 of 100 US 2002/0003741 A1

BURSTLENGTH=4  READLATENCY =2
e S

CLK

COMMAND;;sgssszssss
o e G )

: LOW:

DQM

FIG. 27



Patent Application Publication Jan. 10,2002 Sheet 28 of 100 US 2002/0003741 A1

BURSTLENGTH=4  WRITE LATENCY =0

CLK

COMMAND

DQ

LOW;

DQM

FIG. 28



Patent Application Publication

Jan. 10, 2002 Sheet 29 of 100 US 2002/0003741 Al

LAP TYPE AND BURST ADDRESS SEQUENCE

BURST LENGTH=2

LAP TYPE

STARQﬁg?RESS SEQUENTIAL INTERLEAVE
0 0,1 0.1
1 10 1.0

BURST LENGTH=4 LAP TYPE

i hievise SEQUENTIAL INTERLEAVE
00 0.1.2.3 0.1,2.3
01 1,2,3,0 1,0,3,2
10 230, 1 2.3,0,1
11 3.0,1,2 3,2,1,0

BURSTLENGTH=8 LAP TYPE

STAELﬁRg%ESS SEQUENTIAL INTERLEAVE
000 0.1,2.3.4.56.7 0.1.2.3.4.5.6.7
001 1.2,3,4.5.6,7.0 1,0,3,2,5.4.7.6
010 2.3.45.6,7,0.1 2.3.0.1,6,7,45
011 3,4.56,7,01,2 3.2.1,0,7.6,5, 4
100 45670123 45670123
101 5.6,7,0,1,2,3.4 5.4.7.6,1,0,3.2
110 6.7.0,1,2.3,4,5 6,7.4.5,.2,3,0,1
111 7.0.1,2,3.4,5,6 7.6.5,4,3,2.1,0

BURST LENGTH =16 LAP TYPE

STAﬁ&ﬁﬂggEss SEQUENTIAL INTERLEAVE
0000 0.1.2.3.4.5.6.7.8.9.10,11.12.13,14.15 | 0.1.2.3.4.5,6.7,8,9, 10,11, 12, 13, 14, 15
0001 1.2.3.4.5.6.7.8.9, 10, 11,12, 13, 14,15,0 | 1,0,3,2.5,4,7,6,9,8, 11,10, 13,12, 15, 14
0010 2.3.4.5,6.7.8,9.10. 11,12, 13, 14,15,0,1 | 2,3,0,1,6,7, 45,10, 11,89, 14, 15,12, 13
0011 3.4.5.6.7.8.9.10, 11,12, 13,14,15,0,1,2 | 3,2.1,0,7,6,5,4, 11, 10,9.8, 15, 14,13, 12
0100 45.6.7,8,9,10,11,12,13,14.15,0,1,2.3 | 4,5,6,7,0,1,2, 3,12, 13, 14, 15,8,9, 10, 11
0107 5.6,7.8,9,10, 11,12, 13, 14,15,0,1,2,3,4 | 5,4,7,6,1,0,3.2,13, 12,15, 14,9,8, 11, 10
0110 6,7.8.9,10, 11, 12,13, 14,15,0,1,2,3,4,5 | 6,7,4,5,2,3,0,1, 14, 15,12, 13,10, 11,8,9
0111 7.8.9.10,11,12.13,14,15,0.1,2.3,4.5.6 | 7.6,5,4,3,2,1,0, 15, 14,13, 12,11, 10,9,8
1000 8.9.10,11,12,13.14.15,0,1.2,3.4.5,6,7 | 8,9, 10, 11,12, 13, 14, 15,0,1,2,3, 4,5,6,7
1001 0,10, 11, 12,13.14,15.0,1.2.3,4.5,6,7,8 | 9,8, 11, 10,13, 12,15,14.1,0,3,2,5,4,7.6
1010 10,11,12,13,14,15,0.1.2.3,4.5.6,7,8,9 | 10,11,8,9, 14.15,12,13,2,3,0,1,6,7,4,5
1011 11.12.13.14.15.0,1,2,3.4.5.6,7.8,9, 10 | 11,10,9,8, 15, 14,13,12,3,2.1,0,7,6,5,4
1100 12.13.14.15.0,1,2,3.4.5.6,7.8,9,10. 11 | 12,13, 14, 15,8,9,10, 11,4,5,6,7,0,1,2.3
1101 13,14,15,0,1,2,3.4,5,6,7,8,9, 10,11, 12 | 13,12, 15,14,9,8,11,10,5,4,7,6,1,0,3,2
1110 14.15.0,1.2.3,4,5,6.7.8,9,10, 11,12, 13 | 14,15,12,13, 10, 11,8,9.6,7,4,5,2,3,0,
1111 15,0,1,2.3.4,5.6.7,8,9, 10, 11, 12,13, 14 | 15, 14, 13,12, 11,10,9,8,7.6,5, 4 3,2,1,0

FIG. 29
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
integrated circuit device and, particularly, to a semiconduc-
tor integrated circuit device having a main memory portion
and a sub-memory portion formed in a semiconductor
substrate and a data transfer circuit provided between the
main memory portion and the sub-memory portion.

[0003] 2. Description of the Related Art

[0004] In general, a relatively low speed, inexpensive
semiconductor device having large memory capacity, such
as general purpose DRAM, is used as a main memory in a
computer system.

[0005] In a recent computer system, an operating speed of
a DRAM constituting a main memory is increased with
increase of an operating speed of the system, particularly, of
a MPU thereof. However, the operating speed of the DRAM
is still insufficient and, in order to solve this problem, it is
usual to provide a sub-memory between the MPU and the
main memory. Such sub-memory is generally called as a
cache memory and is constructed with a high speed SRAM
or an ECLRAM.

[0006] The cache memory is generally provided externally
of the MPU or within the MPU. In a recent work station or
a personal computer, a semiconductor memory device com-
posed of a DRAM constituting the main memory and a high
speed SRAM as the cache memory which are formed on one
and the same semiconductor substrate is used. Japanese
Patent Application Laid-open Nos. Sho 57-20983, Sho
60-7690, Sho 62-38590 and Hei 1-146187 disclose
examples of such semiconductor memory. Such semicon-
ductor memory is sometimes called as cache DRAM or
CDRAM since it includes the DRAM and the SRAM
functioning as the cache memory, etc. The cache memory
can transfer data with respect to the DRAM and the SRAM
bi-directionally. These prior arts have problems such as
delay of data transfer operation in a case of cache mishit and
techniques which solve such problem has been proposed.
Examples of the proposed techniques are disclosed in Japa-
nese Patent Application Laid-open Nos. Hei 4-252486, Hei
4-318389 and Hei 5-2872. In the techniques disclosed in
these Japanese Patent Application Laid-open Nos., a latch or
register function is provided in a bi-directional data transfer
circuit between a DRAM portion and an SRAM portion, so
that a data transfer from the SRAM portion to the DRAM
portion and a data transfer from the DRAM portion to the
SRAM portion can be done simultaneously and a speed of
data transfer (copy back) at the cache mishit can be
increased. This will be described with reference to Japanese
Patent Application Laid-open No. Hei 4-318389 as an
example. FIG. 92 shows schematically an example of a
construction of a memory array portion of a CDRAM. In
FIG. 92, a semiconductor memory device includes a DRAM
array 9201 including dynamic memory cells, an SRAM
array 9202 including static memory cells and a bidirectional
transfer gate circuit 9203 for transferring data between the
DRAM array 9201 and the SRAM array 9202. The DRAM
array 9201 and the SRAM array 9202 are provided with row
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decoders and column decoders, respectively. Addresses
given to the row decoder and the column decoder of the
DRAM and the row decoder and the column decoder of the
SRAM are mutually independent and given through differ-
ent address pin terminals. FIGS. 93 and 94 show a con-
struction of the bi-directional transfer gate circuit 9203 in
detail. According to this construction, the data transfer from
SBL to GIO and the data transfer from GIO to SBL are made
through different data transfer paths and it is possible to
execute these data transfers simultaneously by functions of
a latch 9302 and an amplifier 9306.

[0007] However, there are the following problems in the
above mentioned CDRAM. First, since address pin termi-
nals and control pin terminals are provided separately for the
DRAM array and the SRAM array, the number of external
pin terminals is very large compared with that of a single
DRAM. Therefore, there is no compatibility of a substrate,
etc., on which the semiconductor memory is mounted, with
respect to that of a usual DRAM, etc. Second, in the
bi-directional transfer gate circuit, the number of circuits
each having a area large enough to realize the above
mentioned transfer is limited and, therefore, the number of
transfer buses is limited. As a result, the number of bits
which can be transferred at once between the DRAM array
and the SRAM array is limited to 16 bits. Further, the
transfer buses are arranged in an area in which column
selection lines are not arranged and the number of the
transfer buses is limited by a width of the area. Generally,
the smaller the number of bits transferred at once provides
the lower the cache bit rate.

[0008] Japanese Patent Application Laid-open No. Hei
5-210974 discloses a technique in which address input
signal pins of a CDRAM are made common for both a
DRAM array and an SRAM array. FIGS. 95 and 96 show
a construction of this technique. In this example, the second
problem that the number of bits transferred at once between
the DRAM array and the SRAM array is limited to 16 bits
as in the CDRAM is left as it is. FIGS. 97 and 98 show a
construction in which a memory capacity of an SRAM is
increased in order to improve the cache hit rate. In this
construction, however, the substrate compatibility is lost due
to input pins for selecting SRAM cell and the second
problem that the number of bits transferred at once between
the DRAM cell array and the SRAM cell array is limited to
16 bits as in the CDRAM is solved.

[0009] As another example in this technical field, there is
an EDRAM (Enhanced DRAM) which is a DRAM with a
cache SRAM, as disclosed in, for example, EDN Jan. 5,
1995, pp. 46 to 56. An EDRAM shown in FIG. 99 is
different in construction from a general purpose DRAM
having the same memory capacity and has no substrate
compatibility although a DRAM and an SRAM commonly
use address input terminals. The number of bits transferred
at once to the SRAM is the same as the number of sense
amplifiers which are activated at once and, in this example,
512(x4) bits are transferred at once. Although, in this
construction of the EDRAM, the number of bits transferred
at once is large, the SRAM thereof which holds data has a
memory capacity of only 1 set (1 row) for bits to be
transferred at once. Although the larger the number of bits
transferred at one generally provides the higher the cache hit
rate, the cache mishit rate is increased since the EDRAM has
cache memories of only 1 set (1 row) and, therefore, a
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sufficient speed-up of the whole system can not be achieved.
In order to increase the number of sets (the number of rows)
of the cache memories in the EDRAM, an SRAM register
and a block selector, etc., must be additionally provided for
every predetermined number of blocks of DRAM cell
arrays, resulting in a substantial increase of the area occu-
pied by the circuits.

[0010] Further, there is a recent problem of degradation of
cache hit rate when there are access requests from a plurality
of processing devices as shown in FIG. 100. When the
CDRAM or the EDRAM is used as a main memory shown
in FIG. 100 and there are access requests from a plurality of
processing devices (memory masters), the cache hit rate is
lowered and the speed-up of the whole system operation is
restricted since the number of address requests of different
sets (rows) may be increased.

SUMMARY OF THE INVENTION

[0011] With popularization of the system having a plural-
ity of processing devices (memory masters), a memory
portion which can respond to not access requests of one kind
as in the conventional memory portion but access requests of
a plurality of kinds. That is, a memory having a construction
different from that of the conventional memory is required.

[0012] An object of the present invention is to provide a
semiconductor integrated circuit device which, in order to
achieve a high speed operation of a whole system without
lowering cache hit rate even when there are access requests
from a plurality of memory masters, includes a main
memory portion and a sub memory portion capable of being
assigned correspondingly to a plurality of access requests.

[0013] Another object of the present invention is to pro-
vide a semiconductor integrated circuit device having a main
memory portion and a sub memory portion, an external
terminal thereof being constructed similarly to a construc-
tion of that of the main memory portion.

[0014] A further object of the present invention is to
provide a semiconductor integrated circuit device including
a main memory portion and a sub memory portion, the
number of bits capable of being transferred between the
main memory portion and the sub memory portion at once
and the number of sets thereof being optimized.

[0015] Another object of the present invention is to pro-
vide a semiconductor integrated circuit device including a
main memory portion and a sub memory portion, in which
a read/write operation of the sub memory portion and a data
transfer operation between the main memory portion and the
sub memory portion can be performed simultaneously.

[0016] In order to achieve the above objects, a semicon-
ductor integrated circuit device according to the present
invention includes a plurality of memory cell groups each
groups being selectable by an address signal or an internal
control signal and a plurality of registers provided such that
data input/output modes for respective said memory cell
groups are set independently.

[0017] A semiconductor memory device according to the
second aspect of the present invention includes a main
memory portion composed of a plurality of memory cells
arranged in a plurality of rows and in a plurality of columns,
a sub memory portion composed of a plurality of memory
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cells arranged in a plurality of rows and in a plurality of
columns, a bi-directional data transfer circuit for connecting
said main memory portion and said sub memory portion
through data transfer bus lines, respectively, said sub
memory portion being constituted with a plurality of
memory cell groups, and a plurality of registers provided
such that different data input/output modes are set indepen-
dently for the plurality of said memory cell groups.

[0018] A semiconductor memory device according to a
third aspect of the present invetion includes a main memory
portion constituted with memory cells arranged in a plurality
of rows and in a plurality of columns, a sub memory portion
constructed with memory cells arranged in a plurality of
rows and in a plurality of columns and a bi-directional data
transfer circuit for connecting said main memory portion
and said sub memory portion through data transfer bus lines,
respectively, wherein data input/output modes of said sub
memory portion are set simultaneously with an assignment
of a read or write operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other objects, features and advan-
tages of the present invention will become more apparent by
reference to the following detailed description of the present
invention taken in conjunction with the accompanying draw-
ings, in which:

[0020] FIG. 1 is a block diagram showing a whole con-
struction of a semiconductor memory device according to a
first embodiment of the present invention;

[0021] FIG. 2 is a block diagram of a memory system
including the semiconductor memory device shown in FIG.
1 and a plurality of memory masters which perform access
requests with respect to the semiconductor memory device;

[0022] FIG. 3 is a block diagram of a memory system
including the semiconductor memory device shown in FIG.
1 and a plurality of memory masters which perform access
requests with respect to the semiconductor memory device;

[0023] FIG. 4 is a block diagram of a semiconductor
device comprising the semiconductor memory device shown
in FIG. 1 and a memory control device for controlling and
generating an input signal to the semiconductor memory
device, which are formed on one and the same semiconduc-
tor substrate;

[0024] FIG. 5 is a block diagram of a semiconductor
device comprising the semiconductor memory device shown
in FIG. 1 and a memory control device for controlling and
generating an input signal to the semiconductor memory
device, which are formed on one and the same semiconduc-
tor substrate;

[0025] FIG. 6 is a block diagram of a semiconductor
device comprising the semiconductor memory device shown
in FIG. 1 and a memory control device for controlling and
generating an input signal to the semiconductor memory
device, which are formed on one and the same semiconduc-
tor substrate;

[0026] FIG. 7 shows an arrangement of external terminals
of the semiconductor memory device shown in FIG. 1;

[0027] FIG. 8 shows an arrangement of external terminals
of the semiconductor memory device shown in FIG. 1;
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[0028] FIG. 9 shows an arrangement of external terminals
of the semiconductor memory device shown in FIG. 1;

[0029] FIG. 10 shows a correspondence between various
commands determining operating functions of the semicon-
ductor memory device shown in FIG. 1 and the external
terminals;

[0030] FIG. 11 shows states of the external terminals
showing a read command shown in FIG. 10;

[0031] FIG. 12 shows states of the external terminals
showing a write command shown in FIG. 10;

[0032] FIG. 13 shows states of the external terminals
showing a prefetch command shown in FIG. 10;

[0033] FIG. 14 shows states of the external terminals
showing a prefetch command with auto precharge shown in
FIG. 10;

[0034] FIG. 15 shows states of the external terminals
showing a restore command shown in FIG. 10;

[0035] FIG. 16 shows states of the external terminals
showing a restore command with auto precharge shown in
FIG. 10;

[0036] FIG. 17 shows states of the external terminals
showing an active command shown in FIG. 10;

[0037] FIG. 18 shows states of the external terminals
showing a precharge command with auto precharge shown
in FIG. 10,

[0038] FIG. 19 shows states of the external terminals
showing a whole bank precharge command shown in FIG.
10;

[0039] FIG. 20 shows states of the external terminals
showing a CBR refresh command shown in FIG. 10;

[0040] FIG. 21 shows states of the external terminals
showing a device non-selection command shown in FIG.
10;

[0041] FIG. 22 shows states of the external terminals
showing a non-operation command shown in FIG. 10;

[0042] FIG. 23 shows states of the external terminals
showing a register setting command (1) shown in FIG. 10;

[0043] FIG. 24 shows states of the external terminals
showing a register setting command (2) shown in FIG. 10;

[0044] FIG. 25 shows states of the external terminals
showing a register setting command shown in FIG. 10;

[0045] FIG. 26 shows states of the external terminals
showing a mode register setting command which is a portion
of the register setting command shown in FIG. 10;

[0046] FIG. 27 shows an address sequence accessed cor-
respondingly to respective lap times and burst lengths of
data input/output mode;

[0047] FIG. 28 is a timing chart of data output having
burst length of 4 and read latency of 2 at a read command
input;

[0048] FIG. 29 is a timing chart of data output having
burst length of 4 and write latency of O at a write command
input;
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[0049] FIG. 30 is a flowchart of an address assignment
and data in a read command operation;

[0050] FIG. 31 is a flowchart of an address assignment
and data in a write command operation;

[0051] FIG. 32 is a flowchart of an address assignment
and data in a prefetch command operation;

[0052] FIG. 33 is a flowchart of an address assignment
and data in a restore command operation;

[0053] FIG. 34 is a flowchart of an address assignment
and data in an active command operation;

[0054] FIG. 35 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0055] FIG. 36 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0056] FIG. 37 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0057] FIG. 38 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0058] FIG. 39 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0059] FIG. 40 is a layout of arrays schematically show-
ing an array arrangement of a semiconductor memory device
according to an embodiment of the present invention;

[0060] FIG. 41 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0061] FIG. 42 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0062] FIG. 43 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0063] FIG. 44 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0064] FIG. 45 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0065] FIG. 46 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0066] FIG. 47 schematically shows a whole layout of
chips of a semiconductor memory device according to an
embodiment of the present invention;

[0067] FIG. 48 schematically shows blocks which use a
common power source of a semiconductor memory device
according to an embodiment of the present invention;

[0068] FIG. 49 schematically shows blocks which use a
common power source of a semiconductor memory device
according to an embodiment of the present invention;
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[0069] FIG. 50 shows a wiring construction in a DRAM
array portion of a semiconductor memory device according
to an embodiment of the present invention;

[0070] FIG. 51 shows a wiring construction of a DRAM
array portion, a data transfer portion and an SRAM array
portion of a semiconductor memory device according to an
embodiment of the present invention;

[0071] FIG. 52 shows a wiring construction of a DRAM
array portion, a data transfer portion and an SRAM array
portion of a semiconductor memory device according to an
embodiment of the present invention;

[0072] FIG. 53 shows a wiring construction of a DRAM
array portion, a data transfer bus line and an SRAM array
portion of a semiconductor memory device according to an
embodiment of the present invention;

[0073] FIG. 54 is a block diagram of an operation control
circuit of the semiconductor memory device shown in FIG.
1

[0074] FIG. 55 shows in detail a construction of the
DRAM portion and the data transfer circuit shown in FIG.
1

[0075] FIG. 56 shows in detail an example of the array
construction of a DRAM array 110-1 of the whole layout

which is an embodiment of the present invention shown in
FIG. 41,

[0076] FIG. 57 shows in detail an example of a connecting
relation between the transfer bus line and the bit lines for a
portion (corresponding to 4 pairs of bit lines) of the layout
shown in FIG. 56;

[0077] FIG. 58 is a circuit diagram showing the data
transfer circuit in detail,;

[0078] FIG. 59 shows an example of a construction for
solving the problem of the example shown in FIG. 57;

[0079] FIG. 60 is a block diagram showing an example of
a DRAM line control circuit;

[0080] FIG. 61 shows an example of a concrete construc-
tion of a DRAM row control circuit and a DRAM row
decoder shown in FIG. 55;

[0081] FIG. 62 shows an example of a concrete circuit
construction of a DRAM bit line selection circuit;

[0082] FIG. 63 shows an example of a concrete circuit
construction of a DRAM bit line selection circuit;

[0083] FIG. 64 shows an example of a concrete circuit
construction of a DRAM bit line selection circuit;

[0084] FIG. 65 shows an example of a concrete circuit
construction of a DRAM bit line selection circuit;

[0085] FIG. 66 shows a relation between a pair of data
transfer bus lines, the DRAM bit line selection circuit and
the SRAM cells in the array layout shown in FIG. 36;

[0086] FIG. 67 shows signal waveforms showing an
operation of the respective data transfer bus lines in FIG. 66;

[0087] FIG. 68 shows a concrete example of the SRAM
portion and the data input/output terminals shown in FIG. 1;

[0088] FIG. 69 shows an example of a construction of the
SRAM memory cell;
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[0089] FIG. 70 is a concrete circuit of a flip-flop of the
SRAM cell shown in FIG. 69;

[0090] FIG. 71 shows a concrete example of a connecting
circuit for connecting the SRAM bit lines shown in FIG. 69;

[0091] FIG. 72 shows a concrete example of a connecting
circuit for connecting the SRAM bit lines shown in FIG. 69;

[0092] FIG. 73 shows a concrete example of a connecting
circuit for connecting the SRAM bit lines shown in FIG. 69;

[0093] FIG. 74 shows a concrete example of a SRAM row
control circuit shown in FIG. 68;

[0094] FIG. 75 shows a concrete example of a SRAM
column control circuit shown in FIG. 68;

[0095] FIG. 76 shows a concrete example of a multiplexer
and latch circuit shown in FIG. 75;

[0096] FIG. 77 shows signal waveforms showing an
operation of the multiplexer shown in FIG. 76;

[0097] FIG. 78 is a block diagram showing the SRAM
row decoder, the data control circuit and the DRAM array
shown in FIG. 1;

[0098] FIG. 79 shows signal waveforms showing an
operation of the SRAM row decoder, the data control circuit
and the SRAM array shown in FIG. 78;

[0099] FIG. 80 shows a concrete example of a construc-
tion of the SRAM portion and the data input/output terminal;

[0100] FIG. 81 shows a concrete construction in a case
where a row redundancy line of the SRAM array portion;

[0101] FIG. 82 shows an example of a power source
voltage supplied to the DRAM array portion and the SRAM
array portion;

[0102] FIG. 83 shows an example of a power source
voltage supplied to the DRAM array portion and the SRAM
array portion;

[0103] FIG. 84 shows a result of simulation of depen-
dency of write time to the SRAM cell on power source
voltage;

[0104] FIG. 85 shows a concrete example of construction
of the SRAM array portion realizing a temporary cell
transfer function;

[0105] FIG. 86 shows signal waveforms showing an
operation of the SRAM cell when, in FIG. 85, data of the
SRAM cell is read out by performing the temporary cell
transfer;

[0106] FIG. 87 shows signal waveforms showing an auto
successive prefetch transfer function;

[0107] FIG. 88 shows a concrete example of the SRAM
line control circuit for realizing a plural line successive
read/write function;

[0108] FIG. 89 shows a concrete example of a read out
function of the plural row successive read/write function;

[0109] FIG. 90 is a correspondence table showing read(3)/
write(3) command of a real time mode setting function and
the state of the respective input terminals;

[0110] FIG. 91 shows signal waveforms showing the real
time mode setting function;
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[0111] FIG. 92 schematically shows a construction of a
memory array portion of a CDRAM;

[0112] FIG. 93 is a block diagram of a bi-directional
transfer gate circuit of the CDRAM shown in FIG. 92;

[0113] FIG. 94 is a circuit diagram of the CDRAM
bi-directional transfer gate circuit shown in FIG. 92;

[0114] FIG. 95 is a block diagram schematically showing
the CDRAM,;

[0115] FIG. 96 is a circuit diagram of the SRAM of the
CDRAM shown in FIG. 95;

[0116] FIG. 97 is a block diagram schematically showing
a construction of the CDRAM,;

[0117] FIG. 98 is a circuit diagram of the SRAM block of
the CDRAM shown in FIG. 97,

[0118] FIG. 99 is a block diagram schematically showing
a construction of an EDRAM; and

[0119] FIG. 100 is a block diagram schematically show-
ing a construction of the memory system having a plurality
of processing devices.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0120] (1) Basic Construction

[0121] A basic construction of an embodiment of the
present invention will be described.

[0122] A semiconductor integrated circuit device accord-
ing to the present invention includes a semiconductor
memory device and a control device of the semiconductor
memory device. The semiconductor memory device
includes a main memory portion and a sub memory portion
and a bi-directional data transfer is possible between the
main memory portion and the sub memory portion. The sub
memory portion is constructed with a plurality of memory
cell groups each being able to function as an independent
cache memory. In the semiconductor memory device of the
present invention, the number of control terminals and the
number of address terminals can be the same as those
necessary to control the main memory portion.

[0123] The semiconductor integrated circuit device will be
described by taking an embodiment which has a synchro-
nous interface having a x8 2-bank constriction including a
64-Mbit DRAM array as the main memory portion and a
16-Kbit SRAM array as the sub memory portion.

[0124] (2) Block Diagram

[0125] FIG. 1 is a block diagram schematically showing
a construction of a whole semiconductor memory device
according to an embodiment of the present invention. In
FIG. 1, the semiconductor memory device 100 includes a
dynamic RAM (DRAM) portion 101 as a main memory
portion, a static RAM (SRAM) portion 102 as a sub memory
portion and a bi-directional data transfer circuit 103 for data
transfer between the DRAM portion 101 and the SRAM
portion 102.

[0126] The DRAM portion 101 includes a DRAM array
110 having a plurality of dynamic memory cells arranged in
a row and column matrix, a DRAM row control circuit 115
for generating a DRAM row selection signal and a bank
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selection signal from internal address signals 1A0~iA13, a
DRAM row decoder 113 responsive to the DRAM row
selection signals iADRO~iADR12 and the bank selection
signal iAD13 for selecting a corresponding row of the
DRAM array 110, a DRAM column control circuit 116 for
generating a DRAM column selection signal from the inter-
nal address signals iAS and iA6 and a DRAM column
decoder 114 responsive to the DRAM column selection
signals 1ADCS and iADC6 for selecting a corresponding
column. Further, the DRAM array 110 includes a memory
cell portion 111 and a sense amplifier 112 for detecting and
amplifying data held in the selected DRAM cell. Further, the
DRAM array 110 is divided to a plurality of blocks called
banks and, in this embodiment, to two banks A and B one of
which is selected by the bank selection signal iAD13.

[0127] The SRAM portion 102 includes an SRAM array
120 having a plurality of static memory cells arranged in a
row and column matrix, an SRAM row control circuit 124
for generating an SRAM row selection signal from the
internal address signals iAO iA3, an SRAM row decoder
121 responsive to SRAM row selection signals
iASRO~iASR3 for selecting one of SRAM cell groups (in
this embodiment, cell groups divided every row), an SRAM
column control circuit 122 for generating an SRAM column
selection signal from the internal address signals 1A0~1A3
and iA4~iA13 and an SRAM column decoder 123 for
selecting a column by SRAM column selection signals
iASC4~iASC10.

[0128] The semiconductor memory device 100 further
includes an operation control circuit 150 for controlling an
operation of the semiconductor memory device in response
to an external input signal and a data control circuit 160 for
controlling an external data input/output operation.

[0129] Although, in this embodiment, the DRAM and
SRAM are used as the main memory portion and the sub
memory portion, respectively, the present invention is not
limited thereto. Instead of the DRAM, a memory such as
SRAM, mask ROM, programmable ROM (PROM), eras-
able PROM (EPROM), electrically erasable PROM
(EEPROM), flush EEPROM and ferroelectric memory may
be used as the main memory portion. The memory consti-
tuting the main memory portion is preferably constructed
such that the kind and specific function thereof can be
efficiently utilized. For example, in a case where a DRAM
is used as the main memory portion, a usual DRAM, an
EDODRAM, a synchronous DRAM, a synchronous GRAM,
a burst EDODRAM, a DDR synchronous DRAM, a DDR
synchronous GRAM, an SLDRRAM or a RambusDRAM
may be used. Further, any random access memory may be
used as the sub memory portion provided that the memory
allows access at higher speed than that of a memory used as
the main memory portion. In a case where the main memory
portion is constituted with a flush EEPROM, a memory
capacity of the sub memory portion is preferably a half or
more of a capacity of a unit erase sector of the flush
EEPROM.

[0130] (3) System

[0131] The semiconductor memory device according to
the present invention is provided with the SRAM column
control circuit 122 and, therefore, an SRAM column control
mode can be changed in SRAM cell group unit, as to be
described in detail later. This function allows the setting of
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a lap time, a burst length and a latency, etc., (referred to as
“data input/output mode”, hereinafter) every SRAM cell
group, so that the data input/output mode of each SRAM cell
group is automatically determined within the semiconductor
memory device when the SRAM cell group is selected, by
preliminarily providing the setting. Therefore, there is no
need of data control externally of the semiconductor
memory device or an external data processing control for
switching the data input/output mode.

[0132] The semiconductor memory device of the present
invention has a function that, when it receives a plurality of
access requests, the semiconductor memory device receives
an allocation, assignment and/or re-assignment in SRAM
cell group unit for every access request. FIG. 2 shows a
memory system having a plurality of memory masters which
perform access request to the semiconductor memory device
100 shown in FIG. 1. In FIG. 2, SRAM cell groups 01, 02
and 03 are assigned to an access request from a memory
master 180a, SRAM cell group 04 is assigned to an access
request from a memory master 18056 and the SRAM cell
groups 05, 06, 07 and 08 are assigned to an access request
from a memory master 180c. The assignment of the SRAM
cell groups to these access requests is variable and can be
changed any time. Further, in FIG. 2, when the data input/
output mode requested for the semiconductor memory
device 100 by the memory master 180a is different from the
data input/output mode requested for the semiconductor
memory device by the memory master 1805, it is possible to
perform the data input/output operation for the memory
master 180a and the data input/output operation for the
memory master 180b successively without using a special
control signal. In order to realize such operation, the SRAM
column control circuit 122 of the semiconductor memory
device 100 includes a data input/output mode memory
portion. The data input/output mode memory portion may
have a 1:1 correspondence to the SRAM cell groups as
shown in FIG. 2 or may correspond to a plurality of SRAM
cell groups as shown in FIG. 3.

[0133] FIGS. 4, 5 and 6 show a mixed semiconductor
device 190 composed of the semiconductor memory device
100 and a memory control device 191 mounted on one and
the same semiconductor substrate as that of the semicon-
ductor memory device, for controlling and generating an
input signal to the semiconductor memory device 100
according to an access request from the memory masters.
Such mixed semiconductor device 190 may have a construc-
tion in which an input/output operation for all signals is
performed through a memory control device as shown in
FIG. 4, a construction in which an input/output operation is
performed by the semiconductor memory device 100
directly as shown in FIG. 5 or a construction in which a data
input/output operation is performed by the semiconductor
memory device 100 through a data buffer 192 as shown in
FIG. 6. However, the present invention is not limited to
these constructions of the mixed semiconductor device 190.
In the mixed semiconductor device 190, it becomes possible
to automatically assign the SRAM cell group or groups to
access requests from the respective memory masters in the
system shown in FIG. 2 or 3 within the semiconductor
device.

[0134] (4) Pin Arrangement

[0135] FIG. 7 shows an example of a pin arrangement of
a package of the semiconductor memory device according to
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the present invention. The semiconductor memory device
shown in FIG. 7 has a x8-bit, 2-bank construction including
a 64-Mbit DRAM array and a 16-Kbit SRAM array and a
synchronous interface and is housed in a 54 pin TSOP type
II plastic package of 400 milx875 mil with lead pitch of 0.8
mm. The number of pins and the pin arrangement of this pin
construction are the same as those of a usual 64-Mbit
synchronous DRAM. Further, the number of pins and the pin
arrangement of a x4-bit construction (FIG. 8), a x16-bit
construction (FIG. 9), a x1-bit construction or a x32-bit
construction are the same as those of a corresponding
synchronous DRAM, regardless of the number of banks.

[0136] Signals of the respective pins are defined as fol-
lows:

[0137] CLK: A clock signal CLK is a reference clock
commonly used for all other input/output signals.
That is, the clock signal CLK determines take-in
timing of other input signals and output signal tim-
ing. A set-up/hold time of each external signal is
defined with reference to a rising edge of the clock
CLK.

[0138] CKE: A clock enable signal CKE determines
whether or not a CLK signal subsequent thereto is
effective. When the CKE signal is HIGH at the rising
edge of the CLK signal, the CLK signal is deter-
mined as being effective and, when it is LOW, the
CLK signal is determined as being invalid.

[0139] /CS: A chip select signal /CS determines
whether or not external input signals /RAS, /CAS,
/WE are accepted. When the signal /CS is LOW at
the leading edge of the signal CLK, the /RAS signal,
the /CAS signal and the /WE signal which are input
at the same timing are taken in the operation control
circuit. When the signal /CS is HIGH at the leading
edge of the CLK signal, the /RAS signal, the /CAS
signal and the /WE signal input at the same timing
are neglected.

[0140] /RAS, /CAS, /WE: The respective control
signals /RAS, /CAS and /WE in combination deter-
mine the operation of the semiconductor memory
device.

[0141] AO0~A13: Address signals AO~A13 are taken
in the address control circuit correspondingly to the
clock signal, sent to the DRAM row decoder, the
DRAM column decoder, the SRAM row decoder and
the SRAM column decoder and used to select a cell
of the DRAM portion and a cell of the SRAM
portion. Further, the address signals are taken in a
mode register to be described later, according to an
internal command signal to set the data input/output
mode of the internal operation. The address signal
Al3 is a bank selection signal of the DRAM cell
array, too.

[0142] DQM: A data mask signal DQM functions to
invalidate (mask) a data input and output in byte unit.

[0143] DQO-~-DQ7: Data signals DQO~DQ7 are
input/output data signals.

[0144] (5) Basic Operation

[0145] A basic operation of the semiconductor memory
device according to the present invention will be described.
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It should be noted that commands and the number of data are
a mere embodiment and other combinations are possible
arbitrarily.

[0146] FIG. 10 shows an example of various commands
determining operation functions of the semiconductor
memory device according to the present invention and states
of the external input control signals. It should be noted,
however, that any other combination of the various com-
mands determining the operational functions of the semi-
conductor memory device and the states of the external input
control signals can be used.

[0147] In FIG. 10, the states of the respective input
control signals at a rising edge of a reference clock signal
CLK and operations determined thereby are shown. A sym-
bol “H” indicates a logical high level, “L” a logical low level
and “x” an arbitrary level. Further, input control signals
CKEn-1 in FIG. 10 shows a state of the input control signal
CKE in a period of a reference clock just preceding to an
aimed reference clock and the control signal CKE to be
described for the respective commands is the CKEn-1. The
commands shown in FIG. 10 will be described in sequence.

[0148] 1. Read Command

[0149] Read command is to execute a data read operation
from an SRAM cell.

[0150] As shown in FIG. 11, the states of the respective
input control signals at the rising edge of the external clock
signal are CKE=H, /CS=L, /RAS=H, /CAS=L and /WE=H.
At the time when this read command is input, the addresses
A0~A3 and the addresses A4~A10 are taken in as the SRAM
row selection addresses and as the SRAM column selection
addresses, respectively. Data at these addresses are output to
DQO~DQ7 at a time delayed from the input of the read
command by a latency.

[0151] When DQM=H with the clock set for the read
command, the data output of the DQO~DQ7 are masked and
are not output externally.

[0152] FIG. 30 shows an address signal and a data flow in
an internal operation according to this read command.
SRAM cells are selected by the row selection of the SRAM
row decoder by the internal address signals iA0~iA3 and the
column selection of the SRAM column decoder by the
SRAM selection signals iASC4~1ASC10 generated from the
internal address signals iAd4~iAl13. Data of the selected
SRAM cells are output externally through the data amplifier
in an assigned data input/output mode.

[0153] 2. Write Command

[0154] The write command is to perform a write operation
of data to the SRAM cell.

[0155] As shown in FIG. 12, the states of the respective
input control signals at the rising edge of the external clock
signal are CKE=H, /CS=L, /RAS=H, and /CAS=/WE=L. At
the time when the write command is input, the addresses
A0~A3 are taken as SRAM row selection addresses and the
addresses A4~A10 are taken in as SRAM column selection
addresses. As data to be written, the data of DQ0O~DQ7 is
taken in at a time delayed from the input of the write
command by a latency.

[0156] When DQM=H with the clock for data take-in of
DQO0~DQ7, the data output of the DQO~DQ7 are masked
and are not taken inside.
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[0157] FIG. 31 shows an address signal and a data flow in
an internal operation according to this write command.
SRAM cells are selected by the row selection of the SRAM
row decoder by the SRAM row selection signals
iASR0~i1ASR3 generated from the internal address signals
1AO~iA3 and the column selection of the SRAM column
decoder by the SRAM selection signal iASC4~iASC10
generated from the internal address signals iIASRO~iASR3
and 1A4~1A13. The write data taken from DQO~DQ7 is
written in the seleced SRAM cell through the write buffer.

[0158] As shown in FIGS. 30 and 31, the read command
and the write command perform the read and write regard-
less of the DRAM portion and the data transfer portion.
Therefore, these commands can operate even when data
transfer operation between SRAM cell groups other than the
SRAM row selected for the data input/output and the
DRAM portion and/or the operation inside the DRAM
portion still continues. On the contrary, even if the read
command or the write command is operated, it is possible to
operate by commands of data transfer operation between
SRAM cell groups other than the SRAM row selected for the
data input/output and the DRAM portion and/or the opera-
tion inside the DRAM portion.

[0159] 3. Prefetch Command

[0160] The prefetch command is to perform a data transfer
from a DRAM cell group to an SRAM cell group.

[0161] As shown in FIG. 13, the states of the respective
input control signals at the rising edge of the external clock
signal are CKE=H, /CS=L, /RAS=/CAS=H and /WE=L.
Further, A10=L. and A9=L. At the time when the prefetch
command is input, the addresses AO~A3 are taken as SRAM
row selection addresses, the addresses A4~A6 are taken in
as SRAM column selection addresses and Al3 is taken in as
a bank selection address of the DRAM array. In this embodi-
ment, the bank A is selected.

[0162] FIG. 32 shows an address signal and a data flow in
an internal operation according to this prefetch command.
Among DRAM cell groups already selected by an active
command to be described later, an SRAM cell in a bank
assigned by 1A13 is selected. In this embodiment, the bank
Ais selected. Bit lines of the DRAM cell group assigned by
the addresses iAS and iA6. Data of the bit lines is amplified
by the sense amplifier at the time of the active command and
the data of the selected bit lines is transmitted to a data
transfer bus line through the data transfer circuit. The cells
on the row of the SRAM selected by the addresses 1A0~1A3
stop the holding of the previous data, take in the data on the
data transfer bus line and hold data transferred thereafter. An
output from the sense amplifier through the data transfer
circuit to the data transfer line is stopped after the data
transfer.

[0163] In this embodiment, the number of data transferred
by the prefetch command at once is 128x8.

[0164] 4. Prefetch Command with Auto Precharge

[0165] The prefetch command with auto precharge is to
transfer data from the DRAM cell group to the SRAM cell
group and to automatically precharge the DRAM portion
after data transfer.

[0166] As shown in FIG. 14, the states of the respective
input control signals at the rising edge of the external clock
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signal are CKE=H, /CS=L, /RAS=/CAS=H and /WE=L.
Further, A10=H and A9=L. Similarly to the above men-
tioned prefetch command, the addresses A0~A3 are taken as
SRAM row selection addresses, the addresses A5 and A6 are
taken in as DRAM column selection addresses and Al3 is
taken in as a bank selection address of the DRAM array at
the time when the prefetch command with auto precharge is
input.

[0167] Address signals in an internal operation and data
flow caused by the prefetch command with auto precharge
will be described. Among DRAM cell groups already
selected by the active command to be described later, an
SRAM cell in a bank assigned by 1A13 is selected. Bit lines
of the DRAM cell group assigned by the addresses iAS and
1A6. Data of the bit lines is amplified by the sense amplifier
at the time of the active command and the data of the
selected bit lines is transmitted to a data transfer bus line.
The cells on the row of the SRAM selected by the addresses
1A0~iA3 stop the holding of the previous data, take in the
data on the data transfer bus line and hold data transferred
thereafter. An output from the sense amplifier through the
data transfer circuit to the data transfer line is stopped after
the data transfer. After a predetermined time from the
stoppage of output to the data transfer bus line, the word line
is made in non-selection state and the internal operation
(potential equilibration of the bit line and the sense ampli-
fier) to be described for the precharge command is per-
formed. After a predetermined time from the input of the
prefetch command with auto precharge, the DRAM is auto-
matically made in a precharge (non selection) state.

[0168] 5. Restore Command

[0169] The restore command is to perform a data transfer
from the SRAM cell group to the DRAM cell group. As
shown in FIG. 15, this command is a continuous input
command extending over the external clock signals CLK1
and CLK2.

[0170] The states of the respective input control signals at
the rising edge of the external clock signal shown in FIG. 15
are CKE=H, /CS=L, /RAS=/CAS=H and /WE-L. Further,
Al10=L and A9=H. At the rising edge of the first external
clock signal CLK1, the addresses A0O~A3 are taken as
SRAM row selection addresses and the addresses A5 and A6
are taken in as DRAM column selection addresses and, at
the rising edge of the second external clock signal CLK2,
addresses A0~A12 are taken in as bank selection addresses
of the DRAM array which is a destination of transfer. The
addresses A13 are taken in as the bank selection addresses
of the DRAM array at the rising edges of the CLLK1 and
CLK2. The Al13 addresses input by the CLK1 and CLK2
must be identical.

[0171] FIG. 33 shows address signals in an internal opera-
tion and data flow caused by this restore command. Internal
address signals i1A0~ilA12 shown in FIG. 33 are internal
address data at the time of the first clock CLK1 and internal
address signals i2A0~i2A12 are internal address data at the
time of the second clock CLK, data of identical internal
address signal line being shown for each clock. Data of
SRAM cell group selected by the addresses ilAO~ilA3
generated from the address at the first clock CLK1 is
transferred to a data transfer bus line of a bank selected by
the address iA13. Thereafter, the data of the data transfer bus
line is transferred to bit lines of the DRAM selected by the
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addresses ilA5 and ilA6. Thereafter, word lines of the
DRAM are selected by the addresses i2A0~i12A12 and 1A13
are selected and data of the cell groups on the selected word
lines are output to corresponding bit lines, respectively.
Sense amplifiers corresponding to the bit lines of the DRAM
detect and amplify the data of the DRAM cell groups output
to the bit lines, respectively. The sense amplifiers corre-
sponding to the bit lines selected by the addresses i11A5 and
ilA6 detect and amplify write data transmitted from the data
transfer bus line. A data output through the data transfer bus
line to the bit lines of the DRAM is stopped after the word
line is raised.

[0172] In this embodiment, the number of data transferred
at once is 128x8.

[0173] 6. Restore Command with Auto Precharge

[0174] The restore command with auto precharge is to
perform a data transfer from an SRAM cell group to a
DRAM cell group and to automatically perform a precharge
of the DRAM portion after the data transfer.

[0175] As shown in FIG. 16, the states of the respective
input control signals at the rising edges of the external clock
signal CLK1 and CLK2 are CKE=H, /CS=L, /RAS=/
CAS=H and /WE=L and, further, A10=H and A9=H. At the
rising edge of the first external clock signal CLK1, the
addresses A0~A3 are taken as SRAM row selection
addresses and the addresses AS and A6 are taken in as
DRAM column selection addresses and, at the rising edge of
the next, second external clock signal CLK2, addresses
A0~A12 are taken in as selection addresses of the DRAM
array which is a destination of transfer. The addresses A13
are taken in as the bank selection addresses of the DRAM
array at the rising edges of the CLLK1 and CLK2. The A13
addresses input by the CLK1 and CLLK2 must be identical.

[0176] Address signals in an internal operation and data
flow caused by this restore command with auto precharge
will be described. Data of the SRAM cell group selected by
the addresses i1A0~ilA3 generated from the addresses at the
time of the first clock CLK1 is transmitted to the data
transfer bus line of the bang selected by the address 1A13.
Thereafter, the data of the data transfer bus line is transmit-
ted to the bit line of the DRAM seleced by the addresses ilAS
and ilA6. Thereafter, word lines of the DRAM are selected
by the addresses i2A0~i2A12 and iA13 generated by the
addresses at the time of the next clock CLK2 and data of the
cell groups on the selected word lines are output to corre-
sponding bit lines. The sense amplifiers corresponding to the
respective bit lines detect and amplify data of the DRAM
cell group output to the bit lines and the sense amplifiers
corresponding to the bit lines selected by the addresses ilAS
and 1lA6 detect and amplify write data transferred from the
data transfer bus line. The output to the bit lines of the
DRAM through the data transfer bus line is stopped after the
word line is raised. The word line is made in non-selection
state after a predetermined time therefrom and an internal
operation (equilibration of the bit line and the sense ampli-
fier) indicated by a precharge command to be described later
is performed. After a predetermined time from the com-
mand, the DRAM automatically becomes in a precharge
(non-selection) state.

[0177] 7. Active Command

[0178] The active command is to activate a bank selected
from the DRAM array.
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[0179] As shown in FIG. 17, the states of the respective
input control signals at the rising edges of the external clock
signal CLK are CKE=H, /CS=/RAS=L, /CAS=/WE=H. An
address A13 at the input time of this active command is
taken in a bank selection address of the DRAM and
addresses AO~A12 are taken in as row selection address of
the DRAM.

[0180] FIG. 34 shows address signals in an internal opera-
tion caused by the active command and data flow. In the
bank selected by the address iA13, the word lines of the
DRAM are selected by the addresses 1A0~iA12. Data of the
DRAM cell groups on the selected word lines are output to
bit lines connected thereto and the sense amplifiers corre-
sponding to the respective bit lines detect and amplify the
data of the DRAM cell groups output to the bit lines. In this
embodiment, the number of data transferred at once is
512x8.

[0181] In a case where another word line selection is to be
performed with respect to a bank which is already activated,
it is necessary to make the bank in a precharge state and then
to newly input an active command.

[0182] This command corresponds to a case where a /RAS
signal of a usual DRAM is made LOW.

[0183] 8. Precharge Command

[0184] The precharge command is to precharge (inactiva-
tion) of a bank selected from a DRAM array.

[0185] As shown in FIG. 18, the states of the respective
input control signals at the rising edges of the external clock
signal CLK are CKE=H, /CS=/RAS=L, /CAS=H and /WE=
L. When, at an input of the precharge command, A10=L and
Al3=valid data, a bank assigned by data of the address A13
is precharged (non-selection). The bank is selected at the
active command input prior to this precharge and, when
there is no active command input to the bank assigned by
this precharge command prior to the input of the latter
command thereto, the precharge command is invalid.

[0186] Address signals in an internal operation caused by
the precharge command and data flow will be described.

[0187] Bit line potential and sense amplifier potential are
equilibrated by making a word line of a DRAM whose bank
selected by the address 1A13 is activated in non-selection
state. After an operation of the precharge command com-
pletes, the selected bank becomes ready to receive a next
active command.

[0188] The precharge command corresponds to a case
where a RAS signal of a usual DRAM is made HIGH.

[0189] 9. All Bank Precharge Command

[0190] The all bank precharge command is to precharge
(inactivation) all banks of a DRAM array. With this com-
mand, the DRAM portion is set to a precharge state and the
active state of all banks can be ended.

[0191] As shown in FIG. 19, the states of the respective
input control signals at the rising edges of the external clock
signal CLK are CKE=H, /CS=/RAS=L, /CAS=H and /WE=
L. Further, A10=H.

[0192] Address signals in an internal operation caused by
the precharge command and data flow will be described.
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[0193] Bit line potential and sense amplifier potential are
equilibrated by making all word lines of a selected DRAM
in non-selection state. After an operation of this command is
completed, all banks become ready to receive a next active
command input.

[0194] The all bank precharge command corresponds to a
case where a /RAS signal of a usual DRAM is made HIGH.

[0195] 10. CBR Refresh Command

[0196] The CBR refresh command is to refresh cell data of
a DRAM portion. Address signal necessary for refresh is
automatically generated internally.

[0197] As shown in FIG. 20, the states of the respective
input control signals at the rising edges of the external clock
signal CLK are CKE=H, /CS=/RAS=/CAS=L and /WE=H.

[0198] Address signals in an internal operation caused by
the CBR refresh command and data flow will be described.

[0199] Addresses iA0~iA12 and iAl3 are automatically
generated internally. A bank is selected by the internally
generated address 1A13, word lines of a DRAM are selected
by the internally generated addresses i1A0~1A12, DRAM cell
groups on the selected word lines output their data to
corresponding bit lines, respectively. Sense amplifiers cor-
responding to the respective bit lines detect and amplify the
data of the DRAM cell groups output to the bit lines. The
data detected and amplified by the sense amplifiers are
written in the DRAM cell groups again through the bit lines.
After a predetermined time from the re-write of the data, the
word lines are made nonselection state to equilibrate the bit
line and sense amplifiers potential, completing a refresh
operation.

[0200] 11. Non-Operation Command

[0201] Non-operation commands of CKE=H, /CS=L,
/RAS=/CAS=/WE=H shown in FIG. 21 are not execution
commands.

[0202] 12. Device Non-Selection Command

[0203] Device non-selection commands of CKE=H,
/CS=H shown in FIG. 22 are not execution commands.

[0204] 13. Register Setting Command

[0205] The register setting command is to set setting data
in various operation modes in a register.

[0206] As shown in FIGS. 23 and 24, the states of the
respective input control signals at the rising edges of the
external clock signal CLK are CKE=H, /CS=/RAS=/CAS=/
WE=L. At a time of input of this command, valid data of the
addresses A0~A13 are taken in as setting data of operation
modes. An input of register setting by this command is
necessary in order to initialize a device after a power source
is connected.

[0207] FIG. 25 shows an operation by address data at the
register setting command.

[0208] Portions of register setting commands (a), (b), (c)
and (d) shown in FIG. 25 are input by one clock shown in
FIG. 23 and another portion of the register setting command
(d) to be described later is input by two clocks shown in
FIG. 24.
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[0209] The register setting command (a) in FIG. 25 is a
test set of a refresh counter, which is similar to that of a usual

synchronous DRAM. This address set is selected at an input
of A7=L and A8=L.

[0210] The register setting command (b) in FIG. 25 is an
unused set. This address set is selected at an input of A7=L
and A8=H.

[0211] The register setting command (c) in FIG. 25 is a
device test set. This address set is selected at an input of
A7=H and A8=H.

[0212] The register setting command (d) in FIG. 25 is a
mode register setting set. This address set is selected at an
input of A7=L. and A8=L and various data input/output
modes to be described later are set. A mode register stores
data input/output modes of the respective SRAM cell groups
of the sub memory portion.

[0213] FIG. 26 is a list of detailed setting items of the
mode register setting.

[0214] A mode register setting (1) command is to switch
between a latency mode and an input/output address
sequence (lap type). This command is input by one clock of
an external clock signal such as shown in FIG. 23. This
address set is selected when A6=L, A7=L and A8=L.

[0215] The latency mode setting is made by data of A1, A2
and A3 input simultaneously and the input/output sequence
(lap type) is set by data of A0. The latency mode is set to
latency=2 when Al=L, A2=H and A3=L and, otherwise,
becomes nonsetting or unused state. The input/output
address sequence (lap type) is set to sequential when A0=L
and to interleave when AQ=H.

[0216] The mode register setting (2) command is an
address data set for setting a burst length of every selected
row of the SRAM and, in order to input the row assignment
of the SRAM and the burst length data, is continuously input
over two clocks of the external clock signal as shown In
FIG. 24. This address set is selected when A6=H, A7=L and
AS8=L.

[0217] An SRAM cell group is selected by data of Al, A2
and A3 of the first clock CLK1 and the burst length of the
selected cell group is set by data of A3, A4 and AS of the
next clock CLK2. The burst length is set to 1 when A3=L,
Ad=L and A5=L, to 2 when A3=H, A4=L and A5=L, to 4
when A3=L, Ad4=L and A5=L, to 8 when A3=H, A4=H and
AS5=L and to 16 when A3=L, Ad=L and A5=H.

[0218] Various data input/output modes will be described
briefly.

[0219] Burst Length: burst length represents the number of
data continuously input/output by an input of read command
or write command. The continuous data input/output is
performed on the basis of a clock signal. FIG. 27 shows a
timing of the respective signals for data read, in which the
burst length is 4. That is, when the read command is input
at CLKO, four data are successively output at CLK2, CLLK3,
CLK4 and CLKS. FIG. 28 shows a timing of the respective
signals for data write. Since the burst length is 4, when the
write command is input at CLKO, four data are successively
taken in at CLKO, CLK1, CLK2 and CLK3.

[0220] Latency: latency represents a waiting time from the
input time of a read command or write command to a time
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at which data input/output becomes possible by the number
of clocks. FIG. 27 shows a timing of respective signals at
the data read. In this embodiment, the latency at data read is
2. That is, when a read command is input at CLKO0, output
of data to a DQ terminal is started at CLK2. FIG. 28 shows
a timing of the respective signals at a data write. In this
embodiment, the latency at data write is 0. That is, when the
write command is input at CLKO, the data take-in from the
DQ terminal is started simultaneously with the CLLK0 input.

[0221] Lap Type: Lap type (input/output address
sequence) determines an address sequence of data input/
output when data is input/output successively for a time
corresponding to a set burst length and includes sequence
and interleave. FIG. 29 shows address sequences of data for
the respective sequence and interleave.

[0222] As another operation, there is a function control by
control of the clock enable signal CKE, as in the usual
synchronous DRAM.

[0223] A portion of the operation of the semiconductor
memory device according to the present invention will be
described.

[0224] Read operation when there is an externally
assigned data in the SRAM portion: as shown in FIG. 30,
data assigned by only read command is output externally
through a data amplifier.

[0225] Read when there is no externally assigned data in
the SRAM portion: after the active command shown in FIG.
34 is completed, the prefetch command shown in FIG. 32 is
executed and the assigned data is transferred to the SRAM
portion. Then, the assigned data is externally output through
the data amplifier by the read command shown in FIG. 30.

[0226] Read when there is no externally assigned data in
the SRAM portion and there is a write data which is not
restored as yet: the write data is transferred to the DRAM
portion by the restore command shown in FIG. 33. There-
after, the active command shown in FIG. 34 and the prefetch
command shown in FIG. 32 are executed and the assigned
data is transferred to the SRAM portion. Then, the assigned
data is output externally through the data amplifier by the
read command shown in FIG. 30.

[0227] (6) Layout
[0228] 1. Array Layout

[0229] FIG. 35 is an array layout schematically showing
an array arrangement of the semiconductor memory device
according to an embodiment of the present invention.

[0230] Inthe construction of the array arrangement shown
in FIG. 35, the whole DRAM array is divided to a DRAM
array 110-1 and a DRAM array 110-2 and an SRAM array
120 and an SRAM column decoder 123 are provided
between the DRAM arrays. Thus, it is possible to transfer
data between the cell groups on any DRAM selected by the
DRAM row decoder 113 adjacent to the DRAM arrays
110-1 and 110-2 and the cell groups on a certain row of the
SRAM selected by the SRAM row decoder 121 and a direct
mapping system and a mapping system of set associative
system become possible.

[0231] The data transfer bus lines for transferring data are
arranged such that these lines traverse the DRAM array
110-1, the DRAM array 110-2, the SRAM array 120 and the
SRAM column decoder 123.
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[0232] In this embodiment, the DRAM array 110-1 and
the DRAM array 110-2 correspond to the banks A and B,
respectively.

[0233] FIG. 50(1) is a plan view of a wiring in the DRAM
array portion of this construction and FIG. 50(2) is a
hierarchical view of the wiring in the DRAM array portion
in a cross sectional direction. A data transfer bus line TBL
is formed by an upper wiring layer than those of the word
lines DWL, the bit lines DBL and a wiring which is used for
the sense amplifiers although not shown. As in the conven-
tional DRAM, the column selection signal does not exist in
an upper portion of the DRAM cells and the data transfer bus
lines TBL are arranged therein. An operation corresponding
to the column selection of the usual DRAM is performed by
selectively connecting the bit lines and the data transfer bus
lines by bit line selector switches DBSW. In this embodi-
ment, one of four pairs of bit lines is selected and connected
to the data transfer bus line pair. The wiring of the bit line
selection signal is arranged such that it traverses the data
transfer lines and the bit lines. The data transfer bus lines are
arranged in parallel to the bit lines in the upper cell portion
in the cell array of the DRAM portion and perpendicular to
the word lines. In FIG. 50, the connection between the data
transfer bus lines and the SRAM array is omitted.

[0234] FIG. 36 shows another construction which, in
addition to the construction shown in FIG. 35, sclector
circuits 131 are provided between the DRAM arrays 110-1
and 110-2 and the SRAM array 120 so that the data transfer
bus line can be selectively connected therethrough. With this
construction, it is possible to disconnect the data transfer bus
line of the DRAM array on the non-operational side by using
a signal for selecting one of the DRAM arrays 110-1 and
110-2, resulting in a reduction of charging/discharging cur-
rent during a data transfer and an improvement of data
transfer speed.

[0235] FIGS. 51(1) and 51(2) are a plan view of a wiring
in the DRAM array portion of this construction and a
hierarchical view of the wiring in the DRAM array portion
in a cross sectional direction, respectively. The data transfer
bus line is divided every DRAM array to a first data transfer
bus line TBLA and a second data transfer bus line TBLB and
one of the data transfer bus lines TBLA and TBLB is
selected by the data transfer selector circuit 131. In this
figure, the bit line selector switch and bit lines connected to
the data transfer lines are omitted.

[0236] Similarly to FIG. 35, in this embodiment, the
DRAM array 110-1 and the DRAM array 110-2 correspond
to the banks A and B, respectively. Therefore, in this
construction, when data is transferred between a certain
bank and the SRAM portion immediately after the data
transfer between the other bank and the SRAM portion is
performed, that is, when a bank ping-pong operation is
performed, it is possible to disconnect a load of the data
transfer bus on one side when the bank assignment is
performed and thus an interval of successive operations
during the bank ping-pong operation is not limited by the
operating frequency of the data transfer bus line of the
DRAM array portion.

[0237] 1t may be possible to further divide the DRAM
array finely and provide a selector circuit for connecting
them to the data transfer bus lines. Further, it may be
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possible to divide the SRAM array more finely and provide
a selector circuit for connecting them to the data transfer bus
lines.

[0238] FIG. 37 shows another example of the array layout
of the semiconductor memory device to which the present
invention is applied.

[0239] The construction shown in FIG. 37 differs from
that shown in FIG. 35 in that the DRAM array is not divided
and the SRAM array and the SRAM column decoder are
provided adjacent to both sides of the DRAM array, respec-
tively. With this construction, it is possible to shorten a
distance between the SRAM portion and the data control
circuit and a distance between the data control circuit and the
data input/output terminals DQ and hence speed up the read
or write operation. In this example, it is also possible to
transfer data between the cell groups on any row of the
DRAM selected by the DRAM row decoder 113 adjacent to
the DRAM array 110 and the cell groups on a certain row of
the SRAM selected by the SRAM row decoder 121 and a
direct mapping system and a mapping system of set asso-
ciative system become possible.

[0240] The data transfer bus lines for transferring data are
arranged such that these lines traverse the DRAM array
110-1, the DRAM array 110, the SRAM array 120. In this
embodiment, the banks A and B exist in mixed state in the
DRAM array 110.

[0241] FIG. 38 shows an layout when the DRAM array in
FIG. 37 is divided. In this layout, the data transfer bus line
is divided in order to make the connection between the
DRAM arrays and the SRAM array 120 through the data
transfer selection circuit 131 by using a wiring layer differ-
ent from the data transfer bus lines. In this embodiment, the
connection line between the data transfer selection circuit
131 and the SRAM array is a global data transfer bus line
GTL.

[0242] FIGS. 52(1) and 52(2) are a plan view of a wiring
in the DRAM array portion of this construction and a
hierarchical view of the wiring in the DRAM array portion
in a cross sectional direction, respectively. In FIG. 52, the
data transfer bus line is divided to a first data transfer bus
line TBLA and a second data transfer bus line TBLB and one
of the data transfer bus line TBLA and TBLB is selected by
the data transfer selection circuit 131 and connected to the
global data transfer bus line GTL. Since the global data
transfer bus line GTL is connected to the SRAM array 120,
it is possible to mutually transfer data between the DRAM
and the SRAM. Although the DRAM array is divided by two
in this embodiment, it is possible to divide the DRAM more
finely. FIG. 53 shows an example in which the DRAM array
is divided finely. This construction has the features of the
layouts shown in FIGS. 36 and 38. In FIG. 53, the DRAM
array is divided by four and it is possible to transfer data
between the DRAM and the SRAM by performing the
selection of the data transfer bus lines by the first data
transfer selector circuits 132 and the selection of the global
data transfer bus lines GTL by the second data transfer
selector circuits 133, making the direct mapping system and
a mapping system of set associative system possible. The
DRAM array can be divided more finely. In such case, the
data transfer bus lines and the first data transfer selector
circuits are connected in parallel to the global data transfer
bus lines.
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[0243] FIG. 39 shows another example of the array layout
of the semiconductor memory device to which the present
invention is applied.

[0244] 1In FIG. 39, wiring layers which are different from
the data transfer bus lines shown in FIG. 36 or 38 are used.
The wiring for connecting data transfer bus lines arranged
on the DRAM array to the SRAM array is formed in a wiring
layer which is different from that for the data transfer bus
lines. In FIG. 39, the SRAM array and the SRAM column
decoder are provided adjacent to the DRAM row decoder. In
this example, it is also possible to transfer data between the
cell groups on any row of the DRAM selected by the DRAM
row decoder 113 adjacent to the DRAM array 110 and the
cell groups on a certain row of the SRAM selected by the
SRAM row decoder 121 adjacent to the SRAM array 120,
making the direct mapping system and a mapping system of
set associative system possible.

[0245] As shown in FIG. 40, the data transfer bus lines are
not always necessary to arrange adjacent to the DRAM row
decoder and the position in which the SRAM array, the
SRAM column decoder and the SRAM row decoder are
arranged is not limited so long as the DRAM array and the
SRAM array are connected such that a mutual data transfer
therebetween is possible.

[0246] In a case where bus lines such as the data transfer
bus lines and the global data transfer bus lines are formed as
different wiring layers, these bus lines may be constructed
with different wiring layers by combining, in addition to the
usual metal wiring, polysilicon wiring, polycide wiring,
silicide wiring and/or high melting point metal wiring, etc.
In such case, the combination of them is optimized by taking
wiring resistance and limitation in process into consider-
ation. For example, a combination of (the first layer of
aluminum wiring and the second layer of aluminum wiring)
or a combination of (the first layer of tungsten silicide wiring
and the second layer of aluminum wiring) may be consid-
ered.

[0247] 2. Overall Layout

[0248] FIG. 41 shows an overall chip layout of an
embodiment of the semiconductor memory device to which
the present invention is applied. The semiconductor memory
device shown in FIG. 41 includes a 64-Mbit DRAM array
of x8-bit, 2-bank construction as the main memory portion,
a 16-Kbit SRAM array as a sub memory portion and a
synchronous interface. However, it is possible to construct
the semiconductor memory device in other ways.

[0249] A cross shape area including a vertical center
portion and a lateral center portion is provided as shown in
FIG. 41. DRAM arrays 110-1, 110-2, 110-3 and 110-4 each
having a memory capacity of 16 Mbits are arranged in four
areas divided by the cross shape area, respectively. An
overall memory capacity of the DRAM arrays 110-1, 110-2,
110-3 and 110-4 is 64 Mbits. DRAM row decoders 113 are
provided adjacent to lower portions of the DRAM arrays
110-1 and 110-2, respectively. Similarly, DRAM row decod-
ers 113 are arranged adjacent to upper portions of the
DRAM arrays 110-3 and 110-4, respectively. An SRAM
array 120-1, an SRAM row decoder 121 and an SRAM
column decoder 123 are arranged between the DRAM arrays
110-1 and 110-2. Similarly, an SRAM array 120-2, an
SRAM row decoder 121 and a column decoder 123 are
arranged between the DRAM arrays 110-3 and 1104. The
data transfer bus line traverses the DRAM array 110-1, the
SRAM array 120 and the DRAM array 110-2 such that the
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data transfer between selected DRAM cell groups and a
selected SRAM cell group is possible. Similarly, the data
transfer bus line traverses the DRAM array 110-3, the
SRAM array 120 and the DRAM array 110-4 such that
selected DRAM cell groups and a selected SRAM cell group
is possible.

[0250] An operation control circuit and a data control
circuit, etc., are arranged in other portions of FIG. 41.
Although other arrangement may be possible, an input/
output signal terminal is arranged in the lateral center
portion in the shown embodiment.

[0251] In FIG. 41, the main memory portion has the
2-bank construction having a layout in which portions which
are selected simultaneously are not concentrated in a portion
so that, when the bank A is selected, the DRAM arrays 110-1
and 110-4 are selected simultaneously and, when the bank B
is selected, the DRAM arrays 110-2 and 110-3 are selected
simultaneously. That is, as shown in FIG. 48, the arrange-
ment of the DRAM arrays is constructed such that a load on
an internal power source wiring VCC and an internal ground
wiring GND, etc., is not one sided. It is, of course, possible
to use the DRAM arrays 110-1 and 110-3 as the bank A and
the DRAM arrays 110-2 and 110-4 as the bank B, to increase
the number of division to thereby disperse areas to be
selected simultaneously or reduce areas to be selected simul-
taneously.

[0252] FIG. 42 shows an overall chip layout of another
embodiment of the semiconductor memory device to which
the present invention is applied. DRAM arrays 110-1, 110-2,
110-3 and 110-4 are arranged in divided four areas, respec-
tively. The DRAM arrays 110-1, 110-2, 110-3 and 110-4
each having a memory capacity of 16 Mbits and grouped in
banks A and B provide a total memory capacity of 64 Mbits.
DRAM row decoders 113 are provided adjacent to lower
portions of the DRAM arrays 110-1 and 110-2, respectively.
Similarly, DRAM row decoders 113 are arranged adjacent to
upper portions of the DRAM arrays 110-3 and 110-4,
respectively. Between the DRAM arrays 110-1 and 110-2
and between the DRAM arrays 110-3 and 110-4, SRAM
arrays 120-1, 120-2, 120-3 and 120-4, SRAM row decoders
121 and SRAM column decoders 123 are arranged, respec-
tively. Although, in FIG. 42, the SRAM column decoders
123 are shown as one block for the SRAM arrays on both
sides, it is possible to provide one SRAM column decoder
123 for each SRAM array. The data transfer bus line for
exchanging data between a selected DRAM cell group and
a selected SRAM cell group traverses the DRAM array
110-1 and the SRAM array 120-1 such that the data transfer
between them is possible. Similarly, the data transfer bus
line is provided between other DRAM arrays and other
SRAM arrays.

[0253] An operation control circuit and a data control
circuit, etc., are arranged in other portions of FIG. 42.
Although other arrangement may be possible, an input/
output signal terminal is arranged in the lateral center
portion in the shown embodiment.

[0254] FIG. 43 shows an overall chip layout of another
embodiment of the semiconductor memory device to which
the present invention is applied. DRAM arrays 110-1, 110-2,
110-3 and 110-4 are arranged in divided four areas, respec-
tively. The DRAM arrays 110-1, 110-2, 110-3 and 110-4
each having a memory capacity of 16 Mbits and grouped in
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banks A and B provide a total memory capacity of 64 Mbits.
DRAM row decoders 113 are provided adjacent to upper or
lower portions of the DRAM arrays 110-1 and 110-2,
respectively. Similarly, SRAM arrays 120, SRAM row
decoders 121 and SRAM column decodes 123 correspond-
ing to the respective DRAM arrays 110 are arranged adja-
cent to the DRAM row decoders 113. The data transfer bus
line for exchanging data between a selected DRAM cell
group and a selected SRAM cell group traverses the DRAM
arrays and are connected to the SRAM arrays through a
wiring layer difference from that of the data transfer bus line.

[0255] An operation control circuit and a data control
circuit, etc., are arranged in other portions of FIG. 43.

[0256] FIG. 44 shows an overall chip layout of another
embodiment of the semiconductor memory device to which
the present invention is applied. In FIG. 44, the arrangement
of the SRAM arrays, the SRAM row decoders and the
SRAM column decoders shown in FIG. 43 is changed.
However, this arrangement may be further changed so long
as the data transfer between a selected DRAM cell group and
a selected SRAM cell group is possible.

[0257] FIG. 45 shows an overall chip layout of another
embodiment of the semiconductor memory device to which
the present invention is applied. In FIG. 45, two of the
layout construction shown in FIG. 41 are combined by more
finely dividing the main memory portion and the sub main
memory portion. The layout may be constructed by com-
bining a number of constructions each shown in FIG. 41 or
by using a combination of the constructions each shown in
FIG. 42.

[0258] Incidentally, the main memory portion shown in
FIG. 45 is of 2-bank construction in which the portions
selected simultaneously are not concentrated to portions of
the banks A and banks B. Therefore, as shown in FIG. 49,
the arrangement of the DRAM arrays is constructed such
that a load on an internal power source wiring VCC and an
internal ground wiring GND, etc., is not one sided. It is, of
course, possible to disperse or reduce areas to be selected
simultaneously.

[0259] FIG. 46 shows an overall chip layout of another
embodiment of the semiconductor memory device to which
the present invention is applied. In FIG. 46, the data transfer
bus lines extend vertically contrary to FIG. 45. Although the
DRAM row decoder and the SRAM row decoder are shown
in FIG. 46 as one block for the DRAM array and the SRAM
array on both sides, the DRAM row decoder may be
provided for each DRAM array and the SRAM row decoder
may be provided for each SRAM array.

[0260] Further, the banks on both sides of the DRAM row
decoder may be connected through a common data transfer
bus line as shown in FIG. 47.

[0261] (7) Detailed Description of the Respective Blocks

[0262] The respective circuit blocks of the overall block
diagram shown in FIG. 1 will be described in detail. It
should be noted that the following description is for a mere
embodiment and this invention is not limited thereto.

[0263] 1. Operation Control Circuit

[0264] FIG. 54 is a circuit diagram of the operation
control circuit 150.

[0265] The operation control circuit 150 is constructed
with an internal clock generator circuit 410, a command
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decoder 420, a control logic 430, an address control circuit
440 and a mode register 450.

[0266] The internal clock generator circuit 410 generates
an internal clock signal iCLK from the external input signals
CLK and CKE.

[0267] The internal clock signal ICLK is supplied to the
command decoder 420, the control logic 430, the address
control circuit 440 and the data control circuit to control the
timing of the respective portions.

[0268] The command decoder 420 includes a buffer 421
for receiving the respective input signals and a command
judge circuit 422. The /CS signal, the /RAS signal, the /CAS
signal and the /WE signal are transmitted to the command
judge circuit 421 in synchronism with the internal clock
signal ICLK to generate an internal command signal iCOM.
The command generator circuit 421 responds to the respec-
tive input signals in manners indicated in a correspondence
table of the commands and the respective input terminal
states as shown in FIG. 10.

[0269] The control logic 430 responds to the internal
command signal ICOM, the internal clock signal ICLK and
the register signal iREG to generate the control signal
necessary to perform operations assigned by these signals.
The control logic 430 includes a DRAM control circuit 431,
a transfer control circuit 432 and an SRAM control circuit
433 which generate respective control signals.

[0270] The register 450 functions to hold data defined by
a combination of data of a specific address input when it
receives a specific register write signal from the command
judge circuit and holds the data until a register write signal
is input again. The data held in the register is referenced
when the control logic 430 operates.

[0271] 2. DRAM Portion
[0272] DRAM Portion and Data Transfer Circuit

[0273] FIG. 55 shows a concrete construction of the
DRAM portion and the data transfer circuit shown in FIG.
1.

[0274] In FIG. 55, the DRAM portion 101 includes a
plurality of dynamic memory cells DMC arranged in a
matrix. Each memory cell DMC includes a memory tran-
sistor N1 and a memory capacitor C1. A constant potential
Vgg (V2 Ve, ete.) is applied to one terminal of the memory
capacitor C1. Further, the DRAM portion 101 includes
DRAM word lines DWL to which the DRAM cells DMC are
connected in rows and DRAM bit lines DBL to which the
DRAM cells DMC are connected in columns. Each bit line
is paired with a complementary bit line. The DRAM cells
DMC are positioned at cross points of the word lines DWL
and the bit lines DBL, respectively. The DRAM portion 101
includes DRAM sense amplifiers DSA correspondingly to
the bit lines DBL. The sense amplifier DSA functions to
detect and amplify a potential difference between the paired
bit lines and is controlled by sense control signals DSAP and
DSAN. Since the DRAM array has a x8-bit, 2-bank con-
struction and has a memory capacity of 64 Mbits, the
DRAM array includes word lines DWL1-DWL8192, bit
lines DBL1 DBLS512 and sense amplifiers DSA1-DSAS512.
This is a construction corresponding to x1 bit of 1 bank.

[0275] The DRAM portion 101 includes the DRAM row
decoder 113 for selecting one of the word lines
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DWL1~DWL8192 and the DRAM row control circuit 115
for generating DRAM internal row address signals
iADRO~iADR12 and bank selection signal iAD13. Further,
the DRAM portion 101 includes a DRAM bit line selection
circuit DBSW which selects one of four bit line pairs by the
DRAM bit line selection signals DBS1~DBS4 generated by
the DRAM column decoder 114 and connects it to the data
transfer bus line TBL through the data transfer circuit 103.
Further, the DRAM portion 101 includes a DRAM column
control circuit 116 for generating DRAM column address
signals iIADCS and iADC6 which are used by the DRAM
column decoder.

[0276] FIG. 56 shows an example of a concrete array
construction of the DRAM array 110-1 of the overall layout
shown in FIG. 41.

[0277] 1In FIG. 56, the DRAM array is divided to 16
memory cell blocks DMB1~DMB16. DRAM row decoders
DRB1~DRB16 corresponding to the respective memory cell
blocks DMB1~DMB16 and blocks SAB1~SAB17 corre-
sponding to (sense amplifier+ DRAM bit line selector cir-
cuit+data transfer circuit) are provided. In this figure, each
memory cell blocks DMB1~DMB16 has a memory capacity
of 1 Mbits in 512 rowsx2048 columns. It should be noted
that the number of memory cell blocks is not limited to 16.

[0278] As shown in FIG. 56, when the DRAM memory
cell array is divided to a plurality of portions, the length of
each bit line is shortened. Therefore, the capacitance of the
bit line and it is possible to increase the potential difference
between the paired bit lines when data is read out. Further,
since, during the operation, only sense amplifier correspond-
ing to the memory block including word line selected by the
row decoder is operated, it is possible to reduce power
consumption due to charging/discharging of the bit line.

[0279] FIG. 57 shows, in detail, an example of a connect-
ing relation between the transfer bus line and bit lines in a
portion 140 (including 4 pairs of bit lines) of the layout
shown in FIG. 56.

[0280] In FIG. 57, sense amplifiers DSA are arranged in
zigzag manner such that a sense amplifier DSA1 corre-
sponding to 1 column is located in one end of a memory cell
block and a sense amplifier DSA2 corresponding to a next
column is located in the other end of the memory cell block,
etc. Such zigzag arrangement of the sense amplifiers is
employed for the reason that, although the size of the
memory cell can be miniaturized in the recent process
technology, the miniaturization of sense amplifier in pro-
portion to the miniaturization of memory cell is not
achieved, and is necessary when there is no margin for
arranging the sense amplifiers correspondingly to the bit line
pitch. Therefore, when the bit line pitch is large enough, the
sense amplifiers can be arranged in only one end of the
memory cell block. One sense amplifier DSA is commonly
used by two memory cell blocks through a shared selector
circuit. Each bit line pair is provided with a bit line control
circuit for equilibrating a potential difference between the bit
lines thereof and precharging. The bit line control circuit
may be used by two memory cell blocks similarly to the
sense amplifier.

[0281] The bit lines and the data transfer bus lines are
connected through DRAM bit line selector circuits DBSW1
DBSW4 sclected by DRAM bit line selection signals
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DBS1~DBS4 and data transfer circuits TSW1 and TSW2
which use switching transistors SWTR each shown in FIG.
58, in detail. Data transfer activation signals TE1 and TE2
for activating the data transfer circuits are obtained by
logical operation of the transfer control signal generated by
the operation control circuit shown in FIG. 54 and the
address signals for selecting the memory cell block. In FIG.
57, since the bit line is connected to the data transfer bus line
through the DRAM the data transfer circuit and the data
transfer circuit, the data transfer circuit of a memory cell
block, which is not activated, is in non-conduction state and
there is no load of a DRAM bit line selection circuit
connected thereto. There, it is possible to minimize the load
of the data transfer bus line in operation. In the construction
shown in FIG. 57, however, there is a problem that a chip
area is increased since the data transfer circuits are arranged
and the wiring for transmitting the data transfer activation
signal for activating the data transfer circuits is provided.
FIG. 59 shows an example of construction which solves
such problem.

[0282] In FIG. 59, the bit line and the data transfer bus
line are connected to each other through only the DRAM bit
line selector circuits DBSWI1~DBSW4 sclected by the
DRAM bit line selection signals DBS1~DBS4. This con-
struction can be realized by providing the function of the
data transfer circuit by adding a logic of the data transfer
activation signal to the DRAM column decoder generating
the DRAM bit line selection signal DBS1~DBS4. Although
the load of the data transfer bus line is increased during
operation, it is possible to make the chip area very small.

[0283] The activation of the DRAM portion and the col-
umn selection and data transfer operation will be described
with reference to FIGS. 55 and 57. The activation of the
DRAM portion will be described first. In FIG. 55, when the
DRAM row selection control signal which is one of the
DRAM portion control signals generated by the operation
control circuit shown in FIG. 54 and the internal address
signal iA0~iA13 are input to the DRAM row control circuit
115, the bank selection signal IAD13 and the internal
DRAM row address signal IADRO~IADR12 are generated
and the word line DWL of the bank assigned by the DRAM
row decoder 113 is selected. With the selected word line
DWL, data held in the cell DMC is output to the bit line
DBL. The potential difference between the paired bit lines is
detected and amplified by the sense amplifier DSA in
response to the sense amplifier drive signals DSAN and
DSAP. The number of sense amplifiers activated simulta-
neously in the DRAM portion 101 is 512 and, since the
DRAM portion has the x8-bit construction, the total number
of the simultaneously activated sense amplifiers becomes
512x8=4096.

[0284] The column selection of the DRAM portion and the
data transfer will be described. The DRAM column selection
circuit 116 shown in FIG. 55 is input with a control signal
which is one of the DRAM portion control signals generated
by the operation control circuit shown in FIG. 54 in
response to the internal address signals iA5 and 1A6 and
generates the DRAM column address signals IADCS and
IADC6. The DRAM column address signals IADCS and
IADC6 are input to the DRAM column decoder 114 and,
after the DRAM bit line selection signals DBS1~DBS4 are
generated and the bit line is selected, data of the bit line is
transmitted to the data transfer bus line TBL by the data
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transfer activation signal TE obtained by a logic between the
transfer control signal generated by the operation control
circuit shown in FIG. 54 and the address signal for selecting
the memory cell block. As shown in FIG. 59, with the logic
of the data transfer activation signal in the DRAM column
decoder, it is possible to provide the data transfer circuit
function and the DRAM bit line selection signals
DBS1~DBS4 can be made signals with which the column
selection and the transfer operation are performed simulta-
neously.

[0285] Assuming, in FIG. 59, that the DRAM bit line
selection signal DBS1 is selected, a signal synchronized
with the transfer control signal is input to the DRAM bit line
selection circuit DBSW1 and the data on the bit lines DBL1
and /DBL1, which is amplified by the sense amplifier DSA1
is transmitted to the data transfer bus lines TBL1 and /TBL1.
The DRAM portion 101 shown in FIG. 55 includes 128
portions each shown in FIG. 59 and, since it has the x8-bit
construction, a total number of data transferred simulta-
neously from the bit line to the transfer bus line is 128x8=
1024. This number of data transferred simultaneously is the
same in other bit construction.

[0286] DRAM Row Control Circuit and DRAM Row
Decoder

[0287] FIG. 60 is a block diagram of the DRAM row
control circuit 115. The DRAM row control circuit 115
includes a DRAM internal row address latch circuit 460, a
multiplexer 470, an internal address counter circuit 480 and
a refresh control circuit 490.

[0288] In the usual activation of the DRAM portion, the
DRAM row control circuit 115 outputs the DRAM internal
row address signal IADRO~IADR12 and the bank selection
signal IAD13 from the address latch circuit 460 which is
input with the DRAM row address latch signal ADRL and
the internal address signal iA0~iAl3 to the DRAM row
decoder 113 through the multiplexer 470.

[0289] In the refresh operation, the DRAM row control
circuit 115 receives the refresh control signal and the refresh
control circuit 490 operates the internal address counter
circuit 480 to control the multiplexer 470 such that the
selection signal from the internal address counter circuit is
output. As a result, the DRAM internal row address signal
IADRO~IADR12 and the bank selection signal IAD13 are
output to the DRAM row decoder 113 without input of the
address signal. The internal address counter circuit 480
automatically add or subtract the address according to a
predetermined method every time the refresh operation is
performed, making an automatic selection of all of the
DRAM rows possible.

[0290] DRAM Column Control Circuit and DRAM Col-
umn Decoder

[0291] FIG. 61 shows a concrete example of the DRAM
column control circuit and the DRAM column decoder
shown in FIG. 55.

[0292] In FIG. 61, the DRAM column control circuit 116
comprises a DRAM internal column address latch circuit
495 and the DRAM internal column address signals
IADCS~IADCS6 are generated by the internal address signals
iAS and iA6é and the DRAM column address latch signal
ADCL taken in a clock cycle of a command input of data

Jan. 10, 2002

transfer from the DRAM cell to the SRAM cell (prefetch
transfer operation) and data transfer from the SRAM cell to
the DRAM cell (restore transfer operation). The DRAM
column address latch signal ADCL is one of the transfer
control signals generated in the operation control circuit
shown in FIG. 54. Further, the DRAM column decoder 114
decodes the DRAM internal column address signals
IADCS5~IADC6 generated by the DRAM column control
circuit 116 and outputs the DRAM column selection signal
generated when the memory block selection address signal
and the transfer control signal TE are activated. Therefore,
the activation signals TE1 and TE2 of the data transfer
circuit shown in FIG. 57 are the output signal of the DRAM
column decoder 114 and the function of the data transfer
circuit is performed by the DRAM bit line selection circuit
to be described later.

[0293] DRAM Bit Line Selection Circuit

[0294] FIGS. 62 to 65 show concrete examples of the
circuit construction of the DRAM bit line selection circuit
shown in FIG. 59.

[0295] FIG. 62 shows the simplest construction including
N channel MOS switching transistors (referred to as NMOS
transistors, hereinafter) N200 and N201, in which the
DRAM bit line DBL and the data transfer bus line TBL are
connected by the DRAM column selection signal.

[0296] FIG. 63 shows another construction of the DRAM
bit line selection circuit which comprises a switching tran-
sistor circuit including NMOS transistors N210 and N211
having gates connected to respective paired DRAM bit lines
and differentially amplifying data on the DRAM bit lines
when the data on the DRAM bit lines DBL is transmitted to
the data transfer bus line TBL and NMOS transistors N212
and N213 for transmitting the amplified signal to the data
transfer bus line TBL by the prefetch transfer DRAM
column selection signal. One terminals of the NMOS tran-
sistors N210 and N211 are connected to a fixed potential
such as ground potential. Further, when the data on the data
transfer bus line TBL is transmitted to the DRAM bit line
DBL, the DRAM bit line selection circuit comprises a
switching transistor circuit composed of NMOS transistors
N214 and N215 as in the circuit shown in FIG. 62 and the
DRAM bit line DBL and the data transfer bus line TBL are
connected by the restore transter DRAM column selection
signal.

[0297] FIG. 64 shows another construction of the DRAM
bit line selection circuit, which comprises a switching tran-
sistor 58 circuit including NMOS transistors N230 and N231
having gates connected to respective paired DRAM bit lines
and differentially amplifying data on the DRAM bit lines
when the data on the DRAM bit lines DBL is transmitted to
the data transfer bus lines TBL and NMOS transistors N232
and N233 for transmitting the amplified signal to the data
transfer bus lines TBL by the prefetch transfer DRAM
column selection signal, as in the construction shown in
FIG. 63. One terminals of the NMOS transistors N230 and
N231 are connected to a fixed potential such as ground
potential. Further, when the data on the data transfer bus
lines TBL is transmitted to the DRAM bit lines DBL, the
DRAM bit line selection circuit comprises a switching
transistor circuit composed of NMOS transistors N250 and
N251 as in the circuit shown in FIG. 63 and NMOS
transistors B234 and N235 for transmitting the amplified
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signal to the DRAM bit lines DBL by a restore transfer
DRAM column selection signal. One ends of the NMOS
transistors N250 and N251 are connected to a fixed potential
such as ground potential.

[0298] FIG. 65 shows another construction of the DRAM
bit line selection circuit which realizes the construction
shown in FIG. 64 with using only one data transfer bus
lines. In the construction shown in FIG. 65, an NMOS
transistor N260 does not differentially amplify the data on
the DRAM bit lines DBL but remove the data transfer bus
line by a potential of the DRAM bit line. An NMOS
transistor N280 operates similarly. Alternatively, this may be
constructed with only a switching transistor circuit as in the
case shown in FIG. 62. By using only one data transfer bus
line, the wiring layout becomes simple and it is possible to
reduce noise between the data transfer bus lines.

[0299] Further, in the constructions in which data is
received by the DRAM bit lines or the data transfer bus lines
and transmitted, as shown in FIGS. 63 to 65, the DRAM bit
lines can be completely separated from the data transfer bus
lines. Therefore, noise generated in one side is hardly
transmitted to the other and a high speed operation becomes
possible.

[0300] Construction of DRAM Bit Line Selection Circuit
and SRAM Cell

[0301] FIG. 66 is a constructive diagram showing a rela-
tion between paired data transfer bus lines, the DRAM bit
line selection circuit and the SRAM cells in the layout
shown in FIG. 36.

[0302] In FIG. 66, memory cells on one column of the
DRAM cell array are connected to the data transfer bus lines
through the DRAM bit line selection circuit, so that data
transfer between the cells and cells on one column of the
SRAM cell array is possible. Further, the data transfer bus
lines and the SRAM cell array are connected to each other
through transfer bus control circuits 498. The data transfer
bus control circuit 498 includes a circuit for selecting and
connecting one of DRAM arrays (in this example, banks A
and B) arranged on both sides of the SRAM cell array so that
only an activated bank can be connected and, therefore, it is
possible to realize a reduction of charging/discharging cur-
rent and speed up of data transfer by the reduction of load
of the data transfer bus lines. Further, since, in performing
data transfer of the both banks alternately (bank ping-pong
operation), the data transfer bus line of one bank can be
separated from the other as shown in FIG. 67, it is possible
to execute the data transfers on the both banks simulta-
neously to thereby shorten an effective data transfer period.

[0303] As mentioned previously, since the number of bits
which can be transmitted at once by the semiconductor
memory device according to this embodiment is 1024 bits
and the load of the data transfer bus lines is very large, a
peak current and current consumption become very large
when amplitude of voltage of all data transfer bus lines is
increased to the power source voltage level. In order to
substantially reduce the peak current and current consump-
tion, the amplitude of voltage of the data transfer bus lines
is limited to a half of the power source voltage at most.

[0304] However, if the amplitude of voltage of the data
transfer bus line is small, data of the SRAM cell must be
amplified by such small potential difference and so the data
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transfer speed is lowered to some extent. In order to allow
only the voltage of the data transfer bus line TBLS in the
SRAM cell portion fully changed, a differential amplifier
circuit connected to the gate of the data transfer bus line
TBLA or TBLB in the DRAM bank for differentially ampli-
fying may be provided. Alternatively, a sense amplifier for
amplifying only the voltage on the data transfer bit line
TBLS in the DRAM bank in a state where the data transfer
bus line TBLA or TBLB in the DRAM bank is separated
may be provide. Alternatively, the transfer bus control
circuit 498 includes a circuit for equilibrating or precharg-
ing.

[0305] 3. SRAM Portion

[0306] Construction of SRAM Portion and Data Input/
Output Terminal

[0307] FIG. 68 shows an example of a concrete construc-
tion of the SRAM portion shown in FIG. 1 corresponding to
one bit of the data input/output terminal DQ. Although this
embodiment has the 16-Kbit, x8-bit construction, the
present invention is not limited thereto and can take various
constructions in combination of the construction of the main
memory portion, with similar effect.

[0308] In FIG. 68, the SRAM portion includes the SRAM
memory cells SMC each includes a flip-flop circuit 311,
which may be any other circuit provided that it can store
static data, connecting circuits 312 provided on both sides of
the flip-flop circuit 311 for connection to the data transfer
bus lines TBL and connecting circuits 313 also provided on
the both sides of the flip-flop circuit 311 for connection to
the SRAM bit lines SBL, as shown in FIG. 69. The SRAM
portion further includes the SRAM row decoder 121 for
generating SRAM cell data transfer row selection signals
TWLI1 to TWL16 for activating the connecting circuits 312
in transferring data between the DRAM cell and the SRAM
cell and the SRAM cell read/write row selection signals
SWL1 to SWL16 in performing read or write and the SRAM
row control circuit 124 for generating the SRAM internal
row address signals iASRO to iASR3 input to the SRAM
row decoder 121 on the basis of the internal address signals
iA0 to 1A3 and the SRAM portion control signal. It is, of
course, possible to commonly use the SRAM cell data
transfer row selection signals TWL and the SRAM cell
read/write row selection signals SWL. The SRAM bit line
control circuit 303 for equilibrating and/or precharging the
bit lines and the SRAM column selection circuit 304 for
making the data input/output line SIO and the SRAM bit line
SBL are connected to the SRAM bit lines SBL. The SRAM
portion further includes the SRAM column decoder 123 for
generating the selection signals SSL1 to SSL.128 input to the
SRAM column selection circuit 304 and the SRAM column
control circuit 122 for generating the SRAM internal column
address signals iASC4 to iASC10 on the basis of the internal
address signals iA0 to iA13 and the SRAM portion control
signal. The SRAM bit line control circuit 303 may include
sense amplifier circuits for detecting and amplifying levels
of the SRAM bit lines SBL. Further, the data input/output
lines SIO are connected to the external data input/output
terminals DQ through the data input/output circuit 308 and
the read/write amplifier 307. The data input/output lines SIO
may be provided for read and write separately.
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[0309] Since the transfer bus lines TBL for data transfer
and the SRAM bit lines SBL for read are provided, it is
possible to perform the read operation regardless of the data
transfer operation.

[0310] SRAM Cell

[0311] FIGS. 70(a) to 70(d) show concrete circuits of the
flip-flop circuit 311 of the SRAM cell shown in FIG. 69.
FIG. 70(a) shows the flip-flop circuit constructed with P
channel MOS transistors (referred to as PMOS transistors,
hereinafter) P100 and P101 and NMOS transistors N100 and
N101 and FIG. 70(b) shows a flip-flop circuit constructed
with resistors R100 and R101 and NMOS transistors N100
and N101, both of which are usually employed in the
SRAM. FIG. 70(c) shows a flip-flop circuit constructed with
the construction shown in FIG. 70(a) added with a PMOS
transistor P102 controlled by control signals PE and NE for
power cut, an NMOS transistor N102 and a balancer circuit
315. One of the transistors P102 and N102 and the balancer
circuit 315 may be omitted. FIG. 70(d) shows a construction
which is similar to a usual sense amplifier used in the
DRAM and includes a plurality of the flip-flop circuits each
having the construction shown in FIG. 70(a) and arranged
in the row direction, a PMOS transistor P103 for controlling
a contact point 316 by the control signal SPE, an NMOS
transistor N103 for controlling a contact point 317 by the
control signal SNE, a balancer circuit 318 for balancing the
contact points 316 and 317 and balancers 315 provided in
each of the flip-flop circuit as in the case shown in FIG.
70(c). The power source voltage may be an external power
source voltage or an internal power source voltage generated
by a power source voltage converter circuit. The PMOS
transistor P102 for power cut and the PMOS transistor P103
for controlling the contact point 316 by the control signal
SPE may be NMOS transistors, respectively, in which case,
the levels of the control signals PE and SPE may be the level
of an internally generated power source voltage which is
higher than the power source voltage generated by the power
source voltage converter circuit.

[0312] By reducing a current flowing through the flip-flop
by using the flip-flop circuit shown in FIG. 70(c) or 70(d),
it is possible to substantially reduce noise generated in the
transfer operation. Further, by performing the data transfer
while balancing the opposite contact points, it is possible to
realize a stable, high speed transfer operation.

[0313] The transistors constituting the flip-flop circuit are
not special and may be identical to those used in the
peripheral circuit or the DRAM sense amplifiers.

[0314] Connection Circuits for SRAM Bit Line and Data
Transfer Bus Line

[0315] FIGS. 71 to 73 show circuit examples of the
connection circuits for connection to the SRAM bit lines
SBL.

[0316] FIG. 71 shows the simplest construction which
includes NMOS switching transistor N104 and N105 and is
connected to the SRAM bit lines SBL by a read/write row
selection signal SWL.

[0317] The construction shown in FIG. 72 includes a
switching transistor circuit composed of NMOS transistors
N108 and N109 having gates connected to the respective
opposite terminals of the flip-flop circuit for differentially
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amplifying signals on the terminals in reading data from the
flip-flop circuit and NMOS transistors N106 and N107 for
transmitting the amplified signals to the SRAM bit lines SBL.
by a read row selection signal SRWL. One terminals of the
NMOS transistors N108 and N109 are connected to a fixed
potential such as ground potential. In writing data in the
flip-flop circuit, the construction shown in FIG. 72 further
includes a switching transistor circuit composed of NMOS
transistors N110 and N111, as shown in FIG. 71, which
connect the SRAM bit lines SBL to the flip-flop circuit by
a write row selection signal SWWL.

[0318] A construction shown in FIG. 73 includes a
switching transistor circuit composed of NMOS transistors
N108 and N109 having gates connected to the respective
opposite terminals of the flip-flop circuit for differentially
amplifying signals on the terminals in reading data from the
flip-flop circuit as in the case shown in FIG. 72 and NMOS
transistors N106 and N107 for transmitting the amplified
signals to the SRAM bit lines SRBL for SRAM read by a
read row selection signal SRWL. One terminals of the
NMOS transistors N108 and N109 are connected to a fixed
potential such as ground potential. In writing data in the
flip-flop circuit, the construction shown in FIG. 73 further
includes a switching transistor circuit composed of NMOS
transistors N114 and N115 having gates connected to the
SRAM write bit line pair for differentially amplifying the
signals on the SRAM write bit lines SWBL in writing data
in the flip-flop circuit and NMOS transistors N112 and N113
for transmitting the amplified signals to the opposite termi-
nals of the flip-flop circuit by a write row selection signal
SWWL. One terminals of the NMOS transistors N114 and
N115 are connected to a fixed potential such as ground
potential.

[0319] In the construction shown in FIG. 72 or 73 in
which data is transferred by connecting the opposite ends of
the flip-flop circuit or the SRAM bit lines SBL to the gates
of the transistors, it is possible to completely separate the
opposite terminals of the flip-flop circuit from the SRAM bit
lines SBL. Therefore, noise generated in one side is hardly
transmitted to the other and a high speed operation becomes
possible.

[0320] It is possible to construct the connection circuit to
the data transfer bus lines TBL in the same manner as in the
case shown in FIG. 71, 72 or 73.

[0321] SRAM Row Control Circuit

[0322] FIG. 74 shows, in detail, the circuit construction of
the SRAM row control circuit shown in FIG. 68. In FIG. 74,
the SRAM row control circuit is constructed with a SRAM
internal row address latch circuit 350 and SRAM internal
row address signals iASRO to iASR3 are generated by the
internal address signals 1A0 to 1A3 and a latch signal ASRL
which takes the internal address signals in a clock cycle of
a read/write command input. The latch signal ASRL is one
of the SRAM control signals generated by the operation
control circuit shown in FIG. 54.

[0323] SRAM Column Control Circuit

[0324] FIG. 75 shows, in detail, the construction of the
SRAM column control circuit shown in FIG. 68.

[0325] In FIG. 75, the SRAM column control circuit
includes an SRAM internal column address latch circuit 507
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for latching the internal address signals iA4 to iA10 by a
latch signal ASCL generated by the clock cycle at the
read/write command input and a counter circuit 506 for
taking in the output of the SRAM internal column address
latch circuit 507 by a control signal SCE and counting up in
a predetermined sequence by an internal count-up signal
CLKUP operable during a burst operation for performing
read/write with respect to the SRAM and the SRAM internal
column address signals 1ASC4 to iASC10 is output through
a multiplexer 508 which passes the output of either the latch
circuit 507 or the counter circuit 506. The multiplexer 508
selects the output of the latch circuit 507 in the clock cycle
at the read/write command input and is controlled by the
control signal SCSL such that the SRAM internal column
address signal can be output at a speed as high as possible.
Further, the SRAM column control circuit according to the
present invention includes a data input/output mode memory
portion 505 which, in order to set completely different data
input/output modes, for example, burst length, data input/
output address sequence and latency, etc., for a plurality of
SRAM cell groups (in this example, SRAM cell groups
divided every row), takes the data input/output modes
according to the states of the internal address 1A0 to 1A13 in
the previously mentioned mode register setting (2) com-
mand cycle (in this example, although only the burst length
can be set for the respective SRAM cell groups, it is possible
to set the data input/output address sequence, latency, etc.,
for them) and stores the data input/output modes. The data
input/output mode memory portion 505 includes take-in
logic 502 provided in respective divided SRAM cell groups
for generating setting data to be taken in according to the
states of the internal address iA0 to iAl3, registers 503
provided for the respective take-in logic for taking in the
setting data (outputs of the take-in logic 502) of the data
input/output modes of the respective SRAM cell groups by
an output of the decoder circuit 501 which is selected by the
enable signal CRE generated in the previously mentioned
mode register setting (2) command cycle, the setting data
being decoded by the address 1A0 to 1A3, and a multiplexer
504 for passing one of the outputs of the registers 503
holding the setting data of the SRAM cell groups by
selectively controlling the iASRO to 1ASR3 output from the
SRAM internal row address latch circuit 350 in the read/
write command cycle by using the signal decoded by the
decoder circuit 509. The counter circuit 506 takes in an
output of the multiplexer 504 to operate the semiconductor
memory device in the data input/output mode set in the
respective SRAM cell groups. The data input/output mode
memory portion 505 must be provided for each of the data
input/output modes to be set. The internal count-up signal
CLKUP, the enable signal CRE, the control signals SCE and
SCSL and the latch signal ASCL are the SRAM portion
control signals generated by the operation control circuit
shown in FIG. 54. Of course, it is possible to make the latch
signal ASRL input to the SRAM internal row address latch
circuit 350 and the latch signal ASCL input to the SRAM
internal column address latch circuit 507 common.

[0326] Instead of the setting of the data input/output mode
memory portion 505 performed for the respective SRAM
cell groups by the mode register setting (2) command cycle,
it is possible to set the same setting data of two or more
SRAM cell groups at once or to set a logic of addresses A4
and A6 in setting the SRAM row data of the mode register
setting (2) command shown in FIG. 10. For example, when

Jan. 10, 2002

Ad=L and A5=L, the data input/output mode is set in every
SRAM cell group, when A4=H and AS=L, the data input/
output mode is set in two SRAM cell groups neglecting least
2 bits of the SRAM row data. In such manner, the data
input/output mode memory portion 505 can be set in various
combinations. Further, the number of the take-in logic 502
as well as the registers 503 is not always the same as that of
the divided SRAM cell groups and it is possible to use one
set of the take-in logic 502 and the register 503 commonly
for a plurality of SRAM cell groups. Further, the addresses
iASRO to 1ASR3 are not always the signals from the SRAM
internal row address latch circuit 350 and it is possible to
provide a separate circuit therefor.

[0327] Further, it is possible to generate the internal
address signals at high speed by constructing the SRAM
internal column address latch circuit 507 and the multiplexer
508 such that the internal address is output immediately after
a logic between the internal address and the internal clock
signal ICLK synchronized with the external reference clock
signal, as shown in FIG. 76. In FIG. 76, INTAi and /INTAi
are address signals from the counter circuit 506 and EXTAI
and /EXTAI are address signals generated from the internal
address signal iAi. These signals are switched by the control
signals SCSL and /SCSL and the burst control signal. SCSL
is the control signal and /SCSL is a control signal having a
phase opposite to that of the control signal SCSL. FIG. 77
shows an example of operation of this circuit. In this circuit
construction, a delay from the internal clock iCLK to a time
at which the internal address signal Yi is output corresponds
to one stage of inverter and is minimized. The internal
address signals Yi and YiB are output as address pulse
signals.

[0328] SRAM Column Decoder and Data Control Circuit
Construction

[0329] FIG. 78 shows an example of construction of the
SRAM column decoder 123 and the data control circuit. The
circuit construction includes a first column decoder 390 and
a second column decoder 391 and the SRAM column
selection signal iASC is transmitted to these column decod-
ers sequentially. In order to operate the first and second
column decoders by one address selection data iASC, the
first and second column decoders are connected to a first
column address buffer 392 and a second column address
buffer 393, respectively. Selection signal lines SSL from the
first and second column decoders are juxtaposed in column
direction and a first data latch circuit 395 associated with a
data input/output line SIO and a second data latch circuit 396
associated with a data input/output line SIO are also pro-
vided correspondingly.

[0330] FIG. 79 shows an internal operation timing of the
SRAM column decoders. The respective column address
buffers perform column decoder selection signal (iIASC-1
and 1ASC-2) sequentially on the basis of the CLK signal.
That is, when the column address selection is successively
performed as in the burst mode, the first column decoder and
the second column decoder operate alternately. Data of the
columns (SSL-1 and SSL-2) selected by the respective
column decoders are output sequentially to the correspond-
ing data input/output lines (SIO-1 and SIO-2). These data
input/output lines operate with a cycle time which is twice
a request cycle time and the first data latch circuit 395 and
the second data latch circuit 396 hold the data temporarily.
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These two sets of data are synthesized before the data out
buffer and output from the data input/output terminals DQ in
the requested cycle time.

[0331] With using the above mentioned construction, it is
possible to increase the cycle speed of the successive data
output and/or successive data write without increasing the
internal operation cycle speed. This is also true in the
synchronous DRAM of DOUBLE DATA RATE (DDR).

[0332] Other Construction of SRAM Portion Including
Data Input/Output Terminals

[0333] FIG. 80 schematically shows another example of
construction of the SRAM portion including the data input/
output terminals in a case where it has the x8-bit construc-
tion. In a case of the data output from the SRAM, data of the
SRAM cells of a selected column are output to the respective
data input/output lines SIO. The data input/output lines SIO
of the selected row is connected to the global data input/
output line GIO and the data are sent to a corresponding data
amplifier 153. Thereafter, the data pass through a read/write
bus line RWL, a data latch circuit 151 and a data buffer 152
to the data input/output terminal DQ. Since the SRAM
portion has the x8-bit construction, 8 sets of data input/
output circuits operate simultaneously and output 8 data.
Data are written in the SRAM cells along a path reverse to
the data read path. With using this circuit construction using
the data input/output lines SIO and the global data input/
output lines GIO, the SRAM row selection of every SRAM
cell becomes unnecessary, the load of the SRAM row
selection signal lines is reduced and a high speed data
input/output of the SRAM cells becomes possible. Further,
with using this construction, the load of the data input/output
lines SIO is not increased, realizing high speed operation
even when the number of rows of the SRAM cells is
increased.

[0334] SRAM Column Redundancy Circuit

[0335] FIG. 81 shows an example of construction of the
SRAM column redundancy circuit for an SRAM cell array
corresponding to one of the input/output terminals DQ. In
FIG. 81, a redundancy SRAM cell column is arranged in an
upper end of the SRAM cell array. A redundancy data
input/output line extends upward from the SRAM cell array
through an SRAM row selection switch and a usual (non-
redundancy) data input/output line extends downward from
the SRAM cell array through another row selection switch.
A global data input/output line is arranged in an upper
portion of the SRAM array and connected to a redundancy
data amplifier and write buffer and a usual (non-redundancy)
global data input/output line is arranged in a lower portion
of the SRAM array and connected to a usual data amplifier
and write buffer. A switching from an SRAM cell column to
a redundancy SRAM cell column is performed by switching
the global data input/output line or switching of the data
amplifier and write buffer. With such construction, a switch-
ing of the SRAM array to the redundancy cell column for
every input/output terminal DQ becomes possible and it is
possible to remove a difference in access time to the redun-
dancy cell column even when the switching to the redun-
dancy cell column. Although, in this example, the redun-
dancy SRAM cell column, the data input/output line and the
global data input/output line are arranged in the upper
portion of the SRAM cell array, the arrangement of them is
not limited thereto.
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[0336] (8) Others
[0337] 1. Power Source Voltage

[0338] Power Source Voltage Applied to DRAM and
SRAM

[0339] FIG. 82 shows an example of construction of the
power source connection to the DRAM array portion and the
SRAM array portion.

[0340] In FIG. 82, this semiconductor memory device
includes a power source voltage converter circuit 603 which
generates an internal power source voltage VINT on the
basis of an external power source voltage VEXT. The
internal power source voltage VINT is applied to the DRAM
array portion 601 and the external power source voltage
VEXT is applied to the SRAM array portion 602 directly. In
the recent DRAM, the miniaturization of process is
enhanced and the breakdown voltage of a memory cell
becomes lower. In order to solve this problem, it is usual that
the power source voltage in a memory cell array is made
lower than an external power source voltage. However, the
driving ability of transistor is necessarily degraded with
lower power source voltage, which is an obstacle for speed-
up of operation. In this embodiment, the miniaturization of
the SRAM array portion is restricted compared with that of
the DRAM array portion and the high operation speed of the
SRAM portion is achieved by allowing the external power
source voltage VEXT to be used in the SRAM portion. For
example, the write speed in writing data in an SRAM cell is
increased by 41% in a case where external power source
voltage VEXT=3.3 V and the internal power source voltage
VINT=2.5 V, as shown in FIG. 84 which is a result of
simulation of the power source voltage dependency of data
write time in an SRAM cell.

[0341] FIG. 83 shows another example of construction of
the power source connection to the DRAM array portion and
the SRAM array portion.

[0342] In FIG. 83, this semiconductor memory device
includes a power source voltage converter circuit 603 which
generates a first internal power source voltage VINT1 and a
second internal power source voltage VINT2 on the basis of
an external power source voltage VEXT. The first internal
power source voltage VINT1 is applied to the DRAM array
portion 601 and the second internal power source voltage
VINT2 is applied to the SRAM array portion 602 directly.
In this case, the same effect as that obtained by the con-
struction shown in FIG. 82 is obtainable by making the
second internal power source voltage VINT2 higher than the
first internal power source voltage VINTIL. In this case, it
may be possible to use two power source voltage converters
603 for generating the first internal power source voltage
VINT1 and the second internal power source voltage
VINT2, respectively.

[0343] As to the substrate potential which is related to the
power source voltage, various cases may be considered
depending upon the kinds of memory cell constituting the
main memory portion and the sub memory portion. For
example, when the main memory portion is constructed with
dynamic memory cells, it is possible to use the potential of
the substrate for the main memory portion lower or for the
main memory portion, the sub memory portion and the
bidirectional data transfer circuit lower than other area of the
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substrate. These substrate potentials may be realized by
forming, in a P type substrate, a P well, an N well and a
deeper N well.

[0344] 2. Description of Other Functions
[0345] Function 1: Copy Transfer

[0346] The semiconductor memory device according to
the present invention may have a function of data transfer
between SRAM memory cells on the same column, for
example, between a memory cell SMC1 and a memory cell
SMC16 in FIG. 68.

[0347] With such function, it is possible to copy a cell data
of one row of the SRAM cell array to another row at
substantially higher speed than that in a case of transfer from
the DRAM cell. Further, this function can be executed
without influence of data transfer operation with respect to
the DRAM.

[0348] A data transfer operation from cells of one row
including the memory cell SMC1 to cells of one row
including the memory cell SMC16 will be described with
reference to FIG. 68. First, SRAM cell read/write row
selection signal SWL1 is activated and transmit data of the
cells of one row including the memory cell SMC1 to the
respective SRAM bit lines. Thereafter, the SRAM cell
read/write row selection signal SWL16 is activated to trans-
mit the data of the respective bit lines to the cells of one row
including the memory cell SMC16 and rewrite the cell data.
Since the data is transferred by using the SRAM bit lines
SBL, the data transfer between, for example, the cells of one
row including the memory cell SMC2, which is selected by
the SRAM cell data transfer row selection signal TWIL.2, and
the DRAM cells can be performed by using the data transfer
bus lines TBL regardless of the data transfer from the cells
of the row including the memory cell SMC1 to the cells of
the row including the memory cell SMC16. All of these
operations are performed by command input and, therefore,
commands for assigning a transferring SRAM cell group
and a transferred SRAM cell group must be added.

[0349] Function 2: Temporary Cell Transfer

[0350] In the construction of the SRAM array portion
shown in FIG. 68, when there is data in the assigned SRAM
cell and the data is newly read by performing a data transfer
(prefetch transfer operation) from a DRAM cell of another
row, the data written in the SRAM cell is read by temporarily
transferring the data to the DRAM (restore transfer opera-
tion) and then performing a data transfer from a DRAM of
another row (prefetch transfer operation). Depicting the
cycle time of data transfer to the DRAM cell as tRC and a
time from the data transfer from the DRAM cell to the
DRAM cell (prefetch transfer operation) to the read-out of
the data of the SRAM cell as tRAC, it takes a time
tRC+tRAC to complete the data read. However, it is possible
to read the data at higher speed by providing the following
function. FIG. 85 shows an example of concrete construc-
tion of an SRAM array portion which realizes the function.

[0351] In FIG. 85, the construction is substantially the
same as that shown in FIG. 68 except that the construction
shown in FIG. 85 includes additionally one row of tempo-
rary SRAM cells and a selector circuit 309 for selecting
temporary cell row by a control signal TCSL. The control
signal TCSL is one of the transfer control signals generated
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by the operation control circuit shown in FIG. 54 and is
generated when a data transfer to the temporary cell is
performed. Instead thereof, it is possible to construct the
SRAM array such that one of the existing SRAM cell rows
can be selected as the temporary SRAM cell row or to add
a plurality of temporary SRAM cell rows.

[0352] An example of operation when, in FIG. 85, data of
the SRAM cells is read by transferring (copying) data of
memory cells of one row including the memory cell SMC1
to memory cells of one row including a temporary memory
cell SMCD and transferring (prefetching) data from the
DRAM cells to the cells of one row including the memory
cell SMC1 will be described with reference to FIG. 86.

[0353] First, an active command is input to select a certain
DRAM cell row having data to be read out. Then, when a
newly added command (temporary cell copy command) for
transfer of data to the temporary SRAM cells is input, the
control signal TCSL is activated. the SRAM cell read/write
row selection signal SWL1 is activated by an SRAM row
address which is input simultaneously with the command
and to which the data is transferred, and the data of the cells
of one row including the memory cell SMC1 is transmitted
to the respective SRAM bit lines. Thereafter, the SRAM
temporary cell read/write row selection signal SWLD is
activated by the control signal TCSL, and the data of the
respective bit lines are transmitted to the temporary cells of
one row including the temporary memory cell SMCD to
rewrite the cell data. This operation is the same as the
operation for copying the cell data of a certain one row of the
SRAM cell array described in the term of [ Function 1]. With
this operation, it is possible to temporarily store the cell data
to be transferred to the DRAM. Then, the prefetch command
is input to perform a data transfer (prefetch transfer opera-
tion) from the DRAM cells to the cells of one row including
the memory cell SMC1 to transmit the data to be read out to
the SRAM memory cells. Then, the read command is input
to read the data from the SRAM cells. As mentioned above,
it is possible to remove the time tRC and to read the data for
the time tRAC. Thereafter, the data transferred to the tem-
porary cells is transferred (temporary cell restore transfer
operation) to the DRAM.

[0354] Function 3: Simultaneous Transfer of Plural Rows

[0355] The semiconductor memory device according to
the present invention can have a function of transferring
same data by simultaneously selecting SRAM cell groups of
a plurality of rows when the data of cell groups in a selected
row of a DRAM is transferred to the SRAM portion.

[0356] This function can be added by a simple circuit. In
FIG. 68, it is enough to activate a plurality of SRAM cell
data transfer row selection signals TWL by adding a control
signal to be generated by a newly added command for
executing the above function to the SRAM row control
circuit 124 and controlling the SRAM internal row address
signal by the control signal.

[0357] Function 4: Auto Successive Prefetch/Restore
Transfer

[0358] When, among data of DRAM cells of a selected
row, data of DRAM cell groups selected by the DRAM
column decoder is transferred to the SRAM portion, the
semiconductor memory device may have a function of
reducing a total time of data transfer by not repeating the
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data transfer by a plurality of commands but successively
repeating the transfer operation with interval corresponding
to a predetermined in-chip delay time by one command.

[0359] FIG. 87 shows an example of an internal operation
related to this function. In this description, it is assumed that
the DRAM cells in one row are divided to four DRAM cell
groups by the DRAM column decoder. However, the DRAM
cells can be divided to any number of DRAM cell groups.

[0360] In FIG. 87, when the newly added command
(prefetch (2) command) defining this function is input, four
internal count-up signals are generated successively with the
interval corresponding to the predetermined delay time in
the chip. The DRAM column control circuit for generating
the internal column address signal and the SRAM row
control circuit for generating the SRAM internal row
address signal are provided with counter circuits, respec-
tively. The DRAM column address and the SRAM row
address, which are input simultaneously with the input of the
command, are taken in by an initial internal count-up signal
and the respective addresses are counted up sequentially by
the succeeding internal count-up signals. The respective data
are transferred in the cycle of the four internal count-up
signals.

[0361] Similarly, when data of a plurality of SRAM cell
groups is transferred to a plurality of DRAM cell groups
selected by the DRAM row decoder and the DRAM column
decoder, the semiconductor memory device may have a
function of transferring the plurality of the DRAM cell
groups, respectively, by not repeating the data transfer by a
plurality of commands but successively repeating the trans-
fer operation with interval corresponding to a predetermined
in-chip delay time by one command. This function can be
realized similarly to the preceding function, by generating
internal count-up signals successively with the interval
corresponding to the predetermined delay time in the chip
and providing counter circuits in the DRAM column control
circuit for generating the internal column address signal and
the SRAM row control circuit for generating the SRAM
internal row address signal, respectively.

[0362] Function 5: Plural Row Successive Read/Write

[0363] The semiconductor memory device according to
the present invention may have a function of reading/writing
all data of SRAM cell groups of a plurality of rows accord-
ing to a sequence predetermined for the SRAM cell groups
of the plurality of rows successively with a predetermined
interval by one command.

[0364] With such function, when, for example, data of
cells of one row of a DRAM is held in a plurality of SRAM
cell groups, it becomes possible to successively read/write
all cell data of one row of the DRAM in a predetermined
sequence, so that the load of the memory controller and/or
chip set for controlling the semiconductor memory device is
reduced and the operation of the latter together with other
SRAM cell groups and the DRAM portion becomes pos-
sible. Further, it is possible to provide other effects when this
function is used together with the function 4.

[0365] FIG. 88 shows an example of concrete construc-
tion of an SRAM row control circuit for realizing this
function.

[0366] In FIG. 88, this SRAM row control circuit is
constructed by adding a counter circuit 351 for taking in the
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output of the SRAM internal row address latch circuit 350
shown in FIG. 74 by a control signal SRE and counting up
the output in a predetermined address sequence by an
internal count-up signal SRUP generated when the SRAM
column address becomes the uppermost address and a
multiplexer 352 for passing either one of the outputs of the
latch circuit 350 and the counter circuit 351 to the SRAM
internal row address latch circuit 350. The multiplexer 352
is controlled by a control signal SRSL such that it selects the
output of the latch circuit 350 in the clock cycle at the input
of the read/write command and outputs the SRAM internal
row address signal as fast as possible. The SRAM column
control circuit has a function of sequentially shifting up from
the taken column address to the uppermost address when the
newly added command defining this function is input to the
counter circuit 506 shown in FIG. 75.

[0367] FIG. 89 shows an example of internal operation of
a read function of this function.

[0368] In FIG. 89, when a newly added command (read
(2) command) defining this function is input, the control
signal SRSL is generated and the output of the SRAM
internal row address latch circuit 350 becomes the SRAM
internal row address iASRO to iASR3 by the multiplexer
352 and is taken in the counter circuit 351 by the control
signal SRE. Thereafter, the column address is incremented
in synchronism with the reference clock signal CLK and the
counter 351 increments the row address by the internal
count-up signal SRUP generated when the count becomes
the uppermost address. After the count becomes the upper-
most address, the multiplexer 352 is controlled by the
control signal SRSL and the output of the counter circuit 351
becomes the SRAM internal row address iASRO to iASR3.
Thus, it is possible to successively read all data of the SRAM
cell groups of a plurality of rows by shifting the row and
column addresses sequentially.

[0369] The internal count-up signal SRUP, the control
signal SRE and the control signal SRSL are SRAM portion
control signals generated by the operation control circuit
shown in FIG. 54.

[0370] Function 6: Real Time Mode Setting

[0371] The semiconductor memory device according to
the present invention may have a function of setting the data
input/output modes such as burst length, data input/output
address sequence and latency, etc., simultaneously with a
read/write command input when read/write operation is
performed with respect to the SRAM cell by an input of the
command.

[0372] With such function, it is possible to substantially
reduce the load of the memory controller and chip set for
controlling the semiconductor memory device of the present
invention and improve the system performance since it is
possible to assign different data input/output modes at once
every time of requests of such modes.

[0373] FIG. 90 shows a correspondence table between
read(3)/write (3) commands according to this function and
the states of respective input terminals. The table shown in
FIG. 90 differs from the table shown in FIG. 10 in that burst
length selection is assigned to address terminals Al1l, A12
and A13 which are not used at the time of read/write
command input. Thus, according to the states of the 3-bit
address terminals, it is possible to select/assign the burst
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length shown in FIG. 26 simultaneously with the read
(3)/write (3) command input. Although the burst length
selection is assigned in this embodiment, it is possible to
assign the data input/output z-4 modes such as data input/
output address sequence, latency, etc., in the similar manner.

[0374] FIG. 91 shows an example of operation when this
function is used. In FIG. 91, the data input/output address
sequence is set to sequential and the latency is set to 2 and
the burst length is changed by the address signals A1l to A13
(internal address signal iAll to iAl3) at the read (3)
command input. This can be realized by controlling the
counter circuit in the SRAM column control circuit shown
in FIG. 75 according to the setting of the burst length and
controlling the SRAM internal column address iASC4 to
iASC10, as in the usual SDRAM.

[0375] Function 7: Auto Restore/Prefetch Transfer

[0376] Further, the semiconductor memory device accord-
ing to the present invention may have a function of trans-
ferring, after data is transferred from a DRAM cell group to
an SRAM cell group, data of another SRAM cell group to
the DRAM cell group. In order to realize this function, it is
enough to internally hold the DRAM row address and the
DRAM column address at the data transfer, and, therefore,
it is possible to realize the function by using the DRAM
internal row address latch circuit shown in FIG. 60 and the
DRAM internal column address latch circuit shown in FIG.
61. Further, by providing such latch circuits every bank, an
alternate access of different banks becomes possible. There-
fore, there is no need of assigning the DRAM row address
and the DRAM column address at the restore transfer
operation and an effective time required for the restore
operation is shortened, so that the control in the memory
controller and chip set for controlling the semiconductor
memory device becomes simple, the load is reduced and the
system performance is improved.

[0377] Completely similarly thereto, the semiconductor
memory device according to the present invention may have
a function of transferring, after data is transferred from a
DRAM cell group to an SRAM cell group, data of another
DRAM cell group to the SRAM cell group.

[0378] According to the present invention, in a system
including a plurality of processing devices (memory mas-
ters), it is possible to obtain a semiconductor integrated
circuit device having a main memory portion and a sub
memory portion capable of being assigned corresponding to
a plurality of access requests in order to increase an opera-
tion speed of the whole system without reducing the cache
hit even when there are access requests from a plurality of
memory masters.

What is claimed is:

1. Asemiconductor memory device comprising a plurality
of memory cell groups each groups being selectable by an
address signal or an internal control signal and a plurality of
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registers provided such that data input/output modes for
respective said memory cell groups are set independently.

2. A semiconductor memory device comprising a main
memory portion composed of a plurality of memory cells
arranged in a plurality of rows and in a plurality of columns,
a sub memory portion composed of a plurality of memory
cells arranged in a plurality of rows and in a plurality of
columns, a bi-directional data transfer circuit for connecting
said main memory portion and said sub memory portion
through data transfer bus lines, respectively, said sub
memory portion being constituted with a plurality of
memory cell groups, and a plurality of registers provided
such that different data input/output modes are set indepen-
dently for the plurality of said memory cell groups.

3. Asemiconductor memory device as claimed in claim 1,
wherein the data input/output mode is an address sequence,
a burst length or a latency or a combination of them.

4. A semiconductor memory device as claimed in claim 1,
wherein said registers for setting the data input/output mode
are provided for a portion or whole portion of said memory
cell groups.

5. A semiconductor memory device as claimed in claim 1,
wherein an identical data input/output mode can be set in at
least two of said memory cell groups simultaneously.

6. A semiconductor device comprising memory cells
arranged in a plurality of rows and in a plurality of columns,
wherein the data input/output mode is set simultaneously
with an assignment of a read or write operation.

7. A semiconductor memory device as claimed in claim 6,
wherein the data input/output mode is an address sequence,
a burst length or a latency or a combination of them.

8. A semiconductor memory device as claimed in claim 6,
wherein the data input/output mode is set by using an
address other than an address used in the assignment of the
read or write operation.

9. A semiconductor memory device comprising a main
memory portion constituted with memory cells arranged in
a plurality of rows and in a plurality of columns, a sub
memory portion constructed with memory cells arranged in
a plurality of rows and in a plurality of columns and a
bi-directional data transfer circuit for connecting said main
memory portion and said sub memory portion through data
transfer bus lines, respectively, wherein data input/output
modes of said sub memory portion are set simultaneously
with an assignment of a read or write operation.

10. A semiconductor memory device as claimed in claim
9, wherein the data input/output mode is an address
sequence, a burst length or a latency or a combination of
them.

11. A semiconductor memory device as claimed in claim
9, wherein the data input/output mode is set by using an
address other than an address used in the assignment of the
read or write operation.



